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On the Temperature of the Frith of Forth, and on the Specific 
Gravity of its Water. By John Davy, M.D., F.R.S., Loa. 
and Ed., Inspector-General of Army Hospitals, L.R. (Com- 
muiucat^d by the Author.) i \ 

When my attention was first directed to the subject ot in- 
quiry announced in the heading of this notice, it was my de- 
sign to have carried on from month to month a regular series 
of observations on the temperature of the sea of the Frith of 
Forth, and on the specific gravity of its water, with the ex- 
pectation that the results collected for two or three years might 
be of some value, and especially in connexion with the climate 
of the coast of Scotland and its islands. 

Interrupted in this design by leaving Edinburgh, the obser- 
vatimis I have now to oflfer are few in mmiber, reaching only 
from September 1842 to last April ; few, however, as they 
are, I would hope that they may not be altogether useless, 
and sure I am, they will not be so, should they lead to more 
extended inquiry. 

The temperature of the sea, as given in the following table, 
was ascertained by immersing a thermometer, the scale of 
which had been carefully corrected, in the water at the head 
of Leith Pier, or, as on two occasions^ marked by an asterisk, 
when the sea was too rough to make the observations there, 
at the stairs close to the Lighthouse ; and the water, the spe- 
cific gravity of which is, given, was taken up at the same time 
and places. 

VOL. XXXVI. NO. LXXI. JAN. 1844. A 



2 On ihe Temperature of the Frith of Forth. 

Table shewing the Temperature of the Air and Sea^ and the SpeciJ 
Gravity of Sea Water, at Leith, from September 1842 to Apt 
1843. 
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Air. 


Water. 


Spec. GraT. 


Tide. 


Wind. 


F842. 










■ 




September 30. 


3 P.M. 


55 


54 


1.0258 


Low. 


N.B. 


October 29. 


2 F.M. 


43 


45 


1.0251 


Half ebb. 


N. 


November 30. 


3 F.M. 


45 


42 


1.0256 


Do. 


W. 


1843. 














January 5. 


3 P.M. 


39 


42 


1.0248 


Two-third flow. 


N. 1 


February 5.* 


31 P.M. 


35 


38 


1.0197 


Half flow. 


N. 1 


. Do. 19.* 


34 P.M. 


39 


38 


1.0242 


Do. 


S.£. 1 


March 4-. 


2 P.M. 


39 


38 


1.0206 


Do. 


N.W. 1 


Apcil 2.. 


2 P.M. 


55 


44 


1.0248 


High. 


W. J 



It may be useful to insert another table, for which I am in- 
debted to Mr Adie junior, shewing the mean monthly tem- 
perature of the air^.and the quantity of rain that fell in 1842, 
and in the spring months of the following year, in the neigh- 
bourhood of Edinburgh, viz. at Canaan Cottage, which is 246 
feet above the mean heigltit of the sea. 

TABLK- 



L 



; 


Mean of 
Thermometer. 


Rain. 


1842. 

January, 

February,.... 

]MUu^hy. 


35^451 
39 .553 
42.048 
45.033 
51 .227 
57 .533 
56 .742 
59 .145 
53 .580 

44 .010 
39 .830' 

45 .350 

38.194 
32 .732 
40.038 


Itach. 

1.01 

l.U 

2.44 

0.15 

r.45 

0.97 

1.53 

1.36 

1.45 

0.98 

1.63 

1.79 

lr.69 
1.38 
0.90 


AprU, 

May, 

June, 


July, 

August, 

September, ^ 

October, 


November, 

December, 


1843. 

January, 

February, 

March, 
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On the Temperature of the Frith of Forth, 3 

Comparing the mean monthly temperature of the air, as 
^ven in this table, with the temperature of the sea for the 
months in which it was determined, it appears, as might be 
expected, that there is in the latter a greater uniformity than 
is observable in the former. 

The summer of 1842 was one of unusually high tempera- 
tore, as was also the autumn, followed by a winter of ordinary 
coldness, with the exception of the month of December ; on 
which account, perhaps, the sea may have been somewhat 
warmer this year than usual. And owing to the unusual dry- 
ness of the whole year, the specific gravity of the sea-water 
may have been a little higher than ordinary. The influence 
of rain in lowering the specific gravity is indicated in the re- 
sults obtained in January, February, March, and April. The 
very low specific gravity of the wateic ^ the 5th of February 
was probably occasioned by an unusual influx of fresh water 
into that part of the harbour from which the portion tried was 
taken, brought down* by the river (the Water of Leith) that 
enters the sea near the port. In confirmation of this, it may 
be remarked, that, on the 2d of April, after some heavy showers, 
when water taken up at the pier-head was of the specific gra- 
vity 1.0248, another portion collected at the Light-house stairs, 
on the harbour side, was so low as 1.0062, seeming to indicate 
that the fresh water there might even have been floating on 
the salt. 

The small range of temperature of the sea and air incum« 
bent, and the general uniformity of the specific gravity of the 
sea water, as shewn in the first table, putting aside the ex- 
ception just referred to, is each well marked and remarkable. 
The equability of temperature of the air, no doubt, mainly 
depended on that of the water, and this probably not so 
much on the depth and extent of the Firth itself, as on the 
circumstance of the tides to which it is subject, connecting, 
as it were, this narrow sea with the ocean. 

A Greek of Corfu, Nicander Nucius, who visited Britain in 
the reign of Charles V., happily describes our island as " laved 
continuously by the ebb and flow of the ocean." To him, 
accustomed to his own constant lake-like sea, this perpetual 
flux and reflux,, alternately inundating and leaving dry a great 



4 ContribuHona towards EttablUhing the Qenen^t Character 

extent of coast, may well have appeared surprising and pecu- 
liar ; whilst to us, familiar with the appearance, it excites no 
such feeling, has a common-place character, and is apt to be 
overlooked as to its consequences. 

That the comparatiye mildness of the climate of Great 
Britain^ so different from what might be expected from its 
latitude, and especially of its northern shores, is chiefly owing^ 
to the peculiar manner in which they are " laved continuously 
by the ebb and flow of the ocean," can hardly be doubted, 
keeping in mind, that the sea which washes them is shallow 
rather than deep. Compare our ports always open, even the 
most northern, in the severest winters, with those of certain 
tideless seas, as the Baltic and the northern shallow portion 
of the Black Sea annually closed by ice, and yet a large por- 
tion of the former is not farther north than the Frith of Forth, 
on the shores of which the arbutus flourishes ; and the other 
is not less than four degrees farther south, than the most 
southern part of England, where the myrtle thrives in the 
open air, and its berries ripen. The flux and reflux of the sea 
maybe considered as compensating for want of depth of water 
on our coasts ; and the tide having its source in the ocean, 
may be likened to streams exempt from freezing, from the 
circumstance of their flowing out of deep lakes, reservoirs of 
warmth, such as many of those of the Highlands of Scotland, 
and which in themselves have a marked mitigating effect on 
the climate of their banks. 
The Oaks, Ambleside, Nov, 4. 1813. 



Contributions towards estallishing the General Character of the 
FossilFlants of the genus Stgillaria. By Willi am King, Esq., 
Curator of the Museum of the Natural History Society 
of Northumberland, Durham, and Newcastle-upon-Tyne. 
With a Plate. (Communicated by the Author.) 

None of the vegetable forms constituting the flora of the carboniferous 
epoch have excited more attention as it regards their general character^ 
than those which are included in the genus Sigillaria* 

* The foUowing are the eynonyms of this fossil : — PhytoHthw Daweoni, P, ta- 



oj the Fo99il Plants of the genua Siffillaria. 5 

They are extremely abundant in the great coal-formations of the British 
Islands, and are found in similar, and probably contemporaneous depo- 
sits on the Continent, and in North America. 

In some instances they appear to have attained a considerable size : 
M. Adolphe Brongniart mentions a specimen discovered in one of the 
eoal-mines of Kunzwerk, near Essen^ in Westphalia^ measuring forty 
&et in lengths while others do not appear to have exceeded ten feet in 
an advanced stage of their growth. 

The genus Siffillaria may be readily distinguished by the stems of its 
Tarious species being externally marked with a number of longitudinal 
fmrows^ and by each of the raised spaces or ribs between the furrows 
having a single row of scars, in some cases nearly in contact^ and in 
others considerably apart. 

Various opinions have been entertained respecting the situation of 
SigiUaria in the vegetable kingdom. Schlotheim supposed it to be allied 
to the palms ; Yon Martins to the Cactuses and the Euphorbias ; Brong- 
niart to the Tree Ferns ; while Lindley and Hutton> as stated in the 
" Fossil Flora^'' appear inclined to agree with Von Martins, but do not 
give any decided opinion on the matter. A few years have now elapsed 
since these opinions were advanced. The late discovery, however, of a 
silicified specimen of this plants exhibiting its constituent tissues in a 
nearly complete state^ has induced Brongniart^ the only author who has 
smce written on the subject^ entirely to change his opinion. The import- 
ance of this discovery will, it is hoped^ be deemed a sufficient excuse for 
the following abstract of the Memoir which that celebrated botanist has 
published on this specimen.* 

In the neighbourhood of Autun in France^ occur the remains of va- 
rious vegetable fossils^ such as PsaroniuSy Medullosa, Colpoxylony and Co- 
niferae, beautifully silicified, and displaying the nature of their respective 
tissues. In addition to these^ a small fragment of another fossil in the 
same condition has been found and presented to the Museum of Paris ; 
it is externally marked with certain characters which identify it wilii 



teUaius, and P. notatus of Steinhauer (1818) ; Palmacites of Schlotheim (1820) ; 
Alvtalaria (1820, as a division of L^pidodendron, and in 1826 changed to Favu- 
hria) ; Syringodendron (1820), and Bhytidolepis (1822) of Sternberg ; Cactites and 
Evphorbites of Von Martins (1821) ; SigiUaria and Clathraria (?) of Brongniart 
(1822). The generic name Syringodendron, established by Sternberg, from decor- 
ticated and demicorticated (?) specimens, is undoubtedly the one which, in justice 
to its author, ought to be given to this fossil ; but from the general currency of 
Brongniart's name StgiUaria, there appears little chance of the latter supersede 
ukg the former. 

* ** Observations sur la structure interieure da SigUUxria elegaru, compar^e IL 
ttUe de Lepidodendron, et de SUgmaria, et IL celle des vegetaoz vivants.*' — 
JreMvet du Mu$mm d*Hiitoire NatureUe, torn. i. 
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Sigillaria elegant, — a species common in tlie coal-mines of Esdiweiler^ 
near Aix-la-Chapelle^ and of Werden, near Dusseldorf. 

By making various microscopic sections of this specimen^ M. BroDgf- 
niart has been enabled to study nearly the whole of its internal structure. 
A complete transverse section shews it to consist of the following pairts^ 
proceeding from the periphery to the centre.* First, a broad external 
zone^ a, a', a", answering to the bark; second, a narrow radiated cylin- 
der bf supposed to constitute the ligneous system ;t thirds a broken but 
regular circle of bundles c, considered to represent the medullary sheath ; 
and> fourth^ a large column d in the ^tuation of the pith. In addition, 
there are on the outside of the ligneous cylinder, in some places in con- 
tact with it; and in others at a little distance, several apparently isolated 
bundles c, which, it is supposed^ were connected with the medullary 
sheath, and continued into the leaves or other external appendages ; as 
such, they may be termed leaf-cords. Of these parts, the tissue of the 
pith and the bark is, for the most part^ destroyed, and replaced by 
amorphous mineral matter ; where it is preserved, which is the case in a 
few places, there are seen traces of parenchyma &nd prosenchyma : the tissue 
of the ligneous cylinder, of the medullary sheath, and of the leaf-cords, 
on the contrary, is distinctly preserved. We are, consequently, furnished 
with the most essential character of the internal structure of this plant, j; 

In order to establish the true relations of Sigillaria elegansy it will be 
necessary to examine in detail, and under a high magnifying power, the 
character and arrangement of its cellular, woody, and vascular tissues. 
On a transverse section^ the broken but regular circle of bundles sup- 
posed to represent the medullary sheath, or vascular system, gives to 



* Vide th« diagram {fig. 1, Plate I.), which is copied from a drawing by 
Brongniart, three times the natural size of the specimen. 

t BroDgniai:t, when speaking of this cylinder, appears to be undecided as to 
whether it should be called ligneous or vascular. For reasons which will be 
more fully noticed hereafter, I intend in this paper to apply the term ligneout 
to it, and that of vascular to the broken circle of bundles lying within it. Al- 
though the tissues composing the ligneous cylinder and the vascular system, or 
medullary sheath of Sigillaria elegan$y differ in many respects from the woody 
and the vascular tissues of ordinary Dicotyledons, yet the relative situation of 
these parts is eminently in favour of the proposed nomenclature. 

I The figure of Artis' Bhytidolepis fibrosa (Plate IX.), which b a true StgtUa- 
ria, shews by the two concentric rings (which are probably the inner and outer 
margins of the ligneous cylinder and medullary sheath conjoined), that the lig- 
neous system of this genus does not increase in proportion to the size ac- 
quired by the stem. Perhaps the two concentric rings of this plant represent 
two ligneous cylinders, placed one within the other, as in Eneephalartot tpircUis, 
and other Cycadaeeoi (a supposition of which I am certainly not much in fayoor) ; 
if 80 this character would go far to prove that Artis' fossil is generically distinet 
from Brongniart's Sigillaria elegant^ 
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tfae inner part of the radiated cylinder a festooned appearance^ in con- 
Beqaence of each bundle forming, as it were, the segment of a circle^ 
baymg its convexity towards the supposed pith. The vessels composing 
these bundles are irregularly angular^ and arranged without any order, 
with the exception that the widest, which are also the longest, imme- 
diately adjoin the pith, while the narrowest and shortest are on the op- 
posite dide : the extremities of both kinds terminate in obtuse cones. 
By means of longitudinal sections, it is ascertained that the largest 
vessels have their walls marked with both transverse and oblique lines 
or bars, united together at the angles ; in some parts of the vessels^ the 
bars appear to cross each other, which gives them a reticulated appear- 
ance. Brongniart assimilates these large vessels with some that are 
common in Ferns and Lycopods. The smallest (between which and the 
latter a regular gradation may be traced), possess true continuous spiral 
fibres, coiled parallel to each other, and without any appearance of reti- 
culation. .Whether these are true spiral vessels, is a question over which 
there appears to hang some doubt. From their shortness, and the pro- 
bable existence of an appreciable membrane between the fibres, Brong- 
niart says, that one might be disposed to conclude that they belonged 
to that form of vascular tissue known under the name of ducts, or false 
spiral Tcssels, and that they are intermediate to true spiral vessels, AXid 
the scalariform tissue of Ferns and Lycopods. 

These vessels are found in the same position as the true spiral vessels 
of dicotyledonous plants, but in the latter they do not constitute bundles 
so large, nor so well defined, as in Sigillaria elegans. In the Dicotyle- 
dons, each bundle of spiral vessels corresponds directly with the inner 
side of a ligneous bundle included between two medullary rays : often 
the vessels are ver}' small : when they are numerous, the smallest are 
placed on the side adjoining the pith, or in the centre, and the larjgfesi 
on that side next to the radiated or ligneous cylinder. In Sigillaria 
eUgansy however, each bundle of the medullary sheath embraces several 
narrow ligneous bundles, intersected by a number of medullary rays, 
and the arrangement of the vessels is the very reverse of that just stated. 

Thus, although these bundles have some resemblance, by their posi- 
tion, lb those of the medullary sheath of ordinary Dicotyledons, they 
possess a character which distinguishes them from those of the latter 
plants, and which Sks yet has not been met with in any vegetable form 
now living. 

The ligneous cylinder, unlike the vascular circle, or medullary sheath, 
is divided by narrow radiating spaces, possessing no remains of tissue, 
but which radiating spaces, in all probability, originally constituted 
the medullary rays. The vessels, or more properly speaking, tubular 
cells composing this cylinder, are uniform as regards the markings on 
their walls, and are rather variable In shape. A transverse section of a 
single bundle intervening two medullary rays, often exhibits the orifices 
of the vessels of a round, oval, or hexagonal form, clearly defined. 
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These vesBels also vary in diameter ; they increase gradually from the 
inner to the outer side of the cylinder. By means of longitudinal 
sections, made both parallel and at right angles to the medullary rays^ 
the Tcssels are seen to be regularly marked with parallel transverse bars 
on all their walls ; this is an important character, for, in the Conifers 
and Cycases^ the cells or vessels composing the ligneous system are in 
general only marked on their lateral walls^ that is, on those which corre- 
spond with the direction of the medullary rays. Another ^fference re- 
mains to be mentioned ; in the latter plants the vessels are generally 
marked with what are termed disks^ but in SigiUaria elegans, the vessels^ 
as abeady stated, are marked with parallel transverse bars. 

The bundles or cords which Brongniart considers were connected 
with the medullary sheath^ and continued into the leaves or other ex- 
ternal appendages, are, as previously mentioned, situated externally to 
the ligneous cylinder^ and consequently they must have been imbedded 
in the surrounding zone of cellular tissue. On a transverse section, these 
cords are in some cases nearly cylindrical, and in others rather oblong, 
and the vessels composing them have in general irregular angular ori- 
fices ; on longitudinal sections, we discover that the vessels are formed 
of a fine membrane, and that they have their walls transversely barred. 
Like the vessels of the medullary sheath, they are irregularly grouped, 
and not arranged in radiating series, in the manner of those forming the 
ligneous cylinder. 

The external zone or bark possesses nothing very remarkable, except 
its varying width, and this appears to be due to the ligneous and vas- 
cular parts being eccentric, as in Lepidodendron and Stigmaria, and not 
central^ as in ordinary woody trees,* The inner, and by far the largest^ 
part of the bark, a, appears, from the few traces remaining, to have con- 
sisted of a delicate parenchyma. The cuticle, or external part, which is 
extremely well preserved in one place^ is formed of a stronger tissue, 
and consists of two difierent layers, «• a-, in close contact. The ceUs of 



* Brongniart says, that the Lycopods agree with these fossils in the occasional 
eccentricity of their vascular iiystem. 

I have considerable doubt as to this eccentricity being a character of Lepidty- 
dendron, SUgmaria, and SigiOariay whan living. It is due, I strongly suspect, to 
the destruction of the mass of delicate cellular tissue in which the ft-»i« was im- 
bedded. Steinhauer was the first, I believe, to advance this opinion. He very 
justly observes, that the destruction of the surrounding tissue would leave the 
axis unsupported, and that the latter would necessarily sink to the under side of 
the fossil. The creeping habit of the branches of Stigmaria is extremely favour- 
able to such a position of their axis resulting from this contingency. With re- 
ference to Lepidodendron, I have seen specimens in which the vascular cylinder 
is nearly central. And as regards SigHlaria, Artis' figure of Mhytidolepis JU>rota 
(PL ix.), demonstrates that its ligneo<vascular axis was not eccentric. 
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ibe inner layer are elongated in the longitudinal direction of Hie steniy 
and axmnged parallel to each other ; they have all the appearance of 
tkat kind of idssue called Prosenehyma, The cells of the outer layer are 
not in parallel lines^ but in some cases are very regularly arranged, while 
in others they are less so ; they constitute ordinary cellular tissue or 
fkorenehyma. The superficial cells differ from the latter in having a 
thicker membrane. 

I shall now briefly advert to some points of difference and of resem- 
blance which Brongniart mentions as existing between SigiUariaelegims, 
and some other plants^ both recent and fossil. Among existing Exogens^ 
the ligneous cylinder is variously constituted. In the Angiospermous divi- 
sion of this class it is formed of a mixture of woody fibre or fusiform ceUs^ 
of boihrendiyma, and occasionally of other forms of tissue^ and in the Gym- 
• nospermous division, for example the Goni&rs and the Cycases, it is ge- 
nerally formed of one kind.^ Now, the ligneous cylinder of Sigillaria 
tkgans is formed of an uniform tissue as in the last division. In Stigma- 
ria, Anabathra,^ and some other allied fossils which vegetated during the 
same geological epoch, Ihe same uniformity of structure occurs. So fax 
the recent and fossil plants resemble each other. But when a further 
comparison is attempted^ we find that all the points of agreement have 
been exhausted. In most of the living Conifers and Cycases^ it is weU 
known that the ligneous vessels ore marked only on those walls which 
correspond with the direction of the medullary rays ; but in the fossils 
just mentioned, the whole of the walls are marked. We have here a 
remarkable difference, to which may be added another. In the fossils, 
it ifi the character of the vessels to be marked wilh transverse and reti- 
culating bars, but in nearly all ConifenB, and in a great number of Cpva~ 
daeuBy the vessels are characterized with what are generally called disks. 

Bespecting the first difference, botanists are acquainted with a few 



* It would appear^ however, from the observations of Professor D. Don, that, 
in CycadaceoB, there is not such a general uniformity in the vessels of their lig- 
neous system. And with respect to Coniferce, Lindley mentions the Yew (Taaem 
haceata) and Abies Douglassi as exceptions; Groeppart, in his Memoir entitled 
** Jh Coniferarwn Structura Anatomica," has given some longitudinal sections of 
the former, exhibiting its structure. 

t I defer entering into any particulars respecting these two fossils, until the 
close of tins paper. It is necessary, however, in this place, to extract the fol^ 
lowing ftow. Brongniart's " Observations,'* with reference to Mgmaria. ** The 
internal handles which form the medullary sheath of SigiUaria elegans, and which 
are so completely distinguished by the irregular and non-radial arrangement of 
ttieir constituent vessels, are completely absent in Btiigmaria, There would thus 
i^pear to be the same difiference between these fossils as is observable between 
the tteou or branches of any dicotyledonous plant in Iwhich the ligneous cylinder 
is accompanied, on its inner side, by the bundles of the medullary sheath, 'and 
their roots y which are deprived of these bundles.*' 
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plants which offer an exception to the general rule> and which^ in thu 
respect; are allied with the fossils. Thus Mohl has shewn that in Ephe- 
dra, which approximates to the Conifers in many respects, the ligneous 
yessels are discigerous on the whole of their walls. 

Brongniaxt also points out an analogous character in Zamia integrifo^ 
lia of South America.* The same is also to be found in plants lower in 
the yegetable series, as the Ferns and the Lycopods of existing creation, 
and in Lepidsdendroriy Psaronius, and others belonging to the car- 
boniferous epoch. The discs on the walls of the ligneous vessels of 
dmiferiB and Cycadacea are round or oval; but in Zamia integrifolia, they 
have more resemblance to the transverse and reticulating bars of SigU- 
laria elegans in being considerably elongated. In the latter, however, 
they are more regular. This regularity and elongation of the bars are 
still more developed in the Ferns and the Lycopods. 

It follows from these facts, that Sigillaria elegans, Anahathra, and Stig- 
maria, are allied to the Gymnospermous Dicotyledons by the uniformity 
of the tissue composing their ligneous and vascular systems ; and to the 
Vascular Cryptogams by the regularity and form |of the bars on the 
walls of the vessels of those systems. 

It has been previously mentioned, that in Sigillaria elegans the vascu- 
lar system, or medullary sheath, is formed of a broken but regular circle 
of bundles, and that the constituent vessels are arranged irregularly, 
and not in radiating series like the vessels of the ligneous cylinder. It 
may also be added, that these bundles are slightly separated from the 
ligneous cylinder on the inside of which they are placed. According to 
Brongniart^ nothing of the kind is to be found in the allied fossils SHg" 
maria and Anahathra, nor does it appear that a similar character occurs 
in any recent plants. In some of the latter, however, we have instances 
of vascular bundles being widely separated from the ligneous cylinder, 
and dispersed irregularly throughout the pith. This certainly appears 
to be a modified arrangement^ and as such may be so far an analogous 
case. Very diflerent families display this arrangement ; Mirbel has ob- 
served it in Nyctago hortenHs, and in some umbelliferous plants ; Schultz 
has remarked it in Piperacea, and in several NyctaginacecB ; Brongniart 
has observed it in various Echinoca^ti, in Echeveria grandiflora, and in 
Plantago princeps ; Decaisne has studied it in Phytolacca dioica, and in 
various MeUistomacecBj he is convinced, however, that it does not occur 
in some other plants of the same families, nor even in all the plants of 
the same genus. In short, it appears to be often absent in closely al- 
lied forms ; thus, among the Cactuses^ it exists in certain species, and 

* Brongniart thinks it probable that the other American species, or the true 
ZcmUiBf will be found to'possesB the same character ; in this respect they will differ 
from the Australian and African Cyeaa and Eneephdlartos, which appear to have 
their vessels marked with discs only en those walls which coincide with the direc- 
tion of the medullary rays. 
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not in others. A similar arrangemeDt is to be seen in some Tree Ferns, 
especially in a New j^ealond species of Cyathea, in which are observable 
some small vascular bundles disposed irregularly throughout the centre 
or pith, in addition to the larger ones constituting the nearly regular 
bat broken circle, so characteristic of the stems of the Vascular Cryp- 
togams. 

Besides Stigmaria and Andbathra, there are other two remarkable fos- 
sils, which Brongniart compares with SigiUaria'elegans, namely, Lepido-' 
iendron and Protopteris Cotteana^ Corda {I^epidodendron punctatum, 
Sternb.). A transverse section of the stem of the first, shews that it is 
chiefly composed of cellular tissue, in which is imbedded an excentrical- 
ly Bitoated and continuous circle^ composed of vessels, or tubular cells, 
transversely barred on all their walls. This circle exhibits no traces of 
medullary rays, nor are the vessels composing it arranged in radiating 
series. It would therefore appear, that the circle constituted the vas- 
colar system^ and as such it may be considered analogous to the medul- 
lary sheath of SigUlaria elegans, 

Protopteris Cotteana, which was formerly included by Brongniart in his 
first section of the genus SigiUaria, is undoubtedly a Tree Fern, and ap- 
pears, from certain peculiarities of its small bundles of vessels dispersed 
throaghout the central cellular tissue, and of the large bundles situated 
externally to the last, and forming a narrow sinuous cylinder, to have 
been a representative, in the carboniferous epoch, of the existing genus 
IHcksonia, 

Having adverted to Tree Ferns, and as Brongniart formerly maintain- 
ed that SigiUaria was related to this family, the question naturally arises 
as to how far these two forms resemble or differ from each other. In 
answer, Brongniart himself says, I admit at once that the external struc- 
ture of tbe latter, as far as SigUlaria elegans has been made known to us, 
is essenlaaily different from that of Ferns, and the allied families, by 
some very important characters ; the nature of the ligneous or vascular 
tissue certainly establishes some analogy between them ; but its arrange- 
ment is altogether different. In short, the arrangement of the tissue in 
radiating series, is a character foreign to all Cryptogams ; it is, on the 
contrary, characteristic of the Dicotyledons ; but it belongs, with nume- 
rous modifications, to the whole of this immense division of the vegetable 
kingdom from the Gymnosperms, the organization of which is compara-^ 
tively simple, to those families whose structure is more complicated. It 
therefore appears impossible to doubt that SigiUaria belongs to the class 
of Dicotyledonous plants. But is it to the group of Gymnosperms, so 
abundant in a fossil state, and characteristic of the carboniferous strata, 
or to the Angiospermous division, which, as far as is known, appears to 
be absent from those ancient formations ? The uniformity of the tissue, 
and the absence of true spiral vessels in the ligneous cylinder, are cha- 
racters proper to the Gymnosperms, but are rarely found amongst the 
true Angiospermous Dicotyledons. All the probabilities, then, are in fa- 
vour of this fossil being a Gymnosperm. It would be difficult, however, to 
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establish this in a positive maimer; for there are numerous difierences 
between SigiUaria ekgans and the phints at present known as belonging' 
to the List division. For example^ 

Ist, No known Conifer nor Cycas possesses the medullary eiheath o£ 
SigiUaria degcany as regards its form and the non-radial arrangement o£ 
its constituent vessels. 

. 2(2, In no Conifer is the ligneous cylinder composed of tubes or elon- 
gated cells transversely barred ; on the contrary^ coniferous wood is 
formed of tubes characterised with disks, and the^e only on the walls 
parallel to the direction of the medullary rays. 

ddlf Amongst the Cycases^ Zamia integri/olia is the only known plajit 
possessing vessels which are barred or reticulated on all their walls ; but 
this character is not so regular as in the fossil under consideration.* 

Thus> between Zamia integri/olia and SigilUaria elegans, there is a strong 
point of agreement. It requires to be mentioned, however, that the 
former does not possess the peculiar medullary sheath of the latter, nor 
are the vessels of the ligneous cylinder so regularly arranged in radiat- 
ing series. 

Brongniart^ in the next place, refers to the Cactuses and the Euphor- 
bias which constitute two remarkable families of the Angiospermous di- 
vision of the Dicotyledons. The genera Melocactm and Echinoeactui are 
particularly noticed. From transverse sections it appears, that between 
these plants and SigiUaria elegans there is a remarkable general resem- 
blance,iparticularly in the presence of apparently isolated vascular bundles 
within the central column of cellular tissue or pith, as displayed in one of 
the species. An examination, however, of the encircling zone shews an 
important difference between this part and what has been called the lig- 
neous cylinder of the fossil ; it is, in fact^ formed of different tissues, 
namely, true spiral vessels, ducts, and a peculiar ligneous fibre. Hence 
Brongniart is of opinion that SigiUaria elegans cannot, with any propriety, 
be considered a Cactus. The same objection may be urged against its 
being considered an Euphorbia. 

*' Thus," to conclude this abstract in the language of Brongniart, *' our 
researches among the Angiospermous Dicotyledons do not enable us to- 
discover any decided analogy between these plants and SigiUaria, Ought 
we, therefore, to assert positively tibiat no analogy does exist ? I think 
not, for the variety of characters in the organization of the stems of these 
plants ought to induce one to suppose that we shall yet find among them 

* There is every reason to believe that in ibis respect the Jurassic CSjjrcases 
appnaimated more to SigiUaria eUgana than Zamia inUgrifoUa, It is stated in 
Dr Buckland's Bridgewster Treatise, that Dr Brown has discovered in the genos 
ManuUia only scalariform vessels : — " The existence of vessels vdth discs pecu- 
liar to recent Cycademwad, Coniferas^ has not yet been ascertained." — (Vol. i. p. 99, 
foot note ; and vol. ii. p. 100^ foot note). Mr Morris of Kensington has kindly 
placed in my hands some sections of Cycadeous wood from the Jurassic rocks of 
Yorkshire, and I find the vessels are marked with transverse bars very similar 
to those of SigiUaria elegans. 
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a stracture analogous to that of SigiUaria elegans. HoweTer^ in tbe pre- 
sent state of our Imowledge^ a much more striking analogy exists as to 
their internal structure between the fossil and some Cycadacece* 

" This analogy is particularly striking between Stigmatia and Zamia 
iniegrifoUa ; but, on the other hand, the difference in the external form, 
both as it regards the stem and the leaves^ is very great ; and as to 
SigiUaria, of which the leaves are unknown^ and of which the stems 
have often^ by their external characters^ more resemblance to those of 
the Cycases^ it may be objected^ Isty The presence of its medullary sheath 
formed of large bundles, of which no traces are to be found in any of the 
latter plants ; 2dy The absence in the coal-formation of leaves analogous 
to those of existing Oycitdctcece. 

^ All these considerations lead to the conclusion^ that SigiUaria and 
Stigmarta constitute a peculiar and extinct family belonging probably 
to the Gymnospermous division of the Dicotyledons, but of which neither 
the fruit nor the leaves are as yet known. These fossils, it is evident^ 
are clearly related to each other^ and Anahathra ought likewise to form 
a part of the same group. Perhaps Stigmaria is only the root of SigiUa^ 
ria. The uniformity of the external characters observable on specimens of 
the first of these genera would then correspond to the trifling variety of 
form required in roots belonging to various species ; further, the creep- 
ing habit of this fossil, and the form of its scars^ agree very well with 
this supposition ; against which^ however^ may be urged the regularity 
of the quincuncial arrangement of the appendages (or fibrils ?)^ a regularity 
which has, nevertheless, been found in the roots of some aquatic plants. 

" This supposition will explain the origin of the singular dome-shaped 
specimens which have been described by Messrs Lindley and Hutton in 
the '' Fossil Flora^'* and from which branch out^ in a radiating and hori- 
zontally creeping manner, the dichotomous stems of Stigmaria, The pre- 
sence of a pith in the centre of the ligneous cylinder of the fossil is not a 
very serious objection^ for I have ascertained that the roots of several 
Zamice possess a perfectly distinct and rather voluminous pith ; this struc- 
ture is particularly apparent in the roots of Zamia pungens, the tissue of 
which displays^ though on a smaller scale^ an arrangement very analo- 
gous to what is observable in StigmariaJ' 

Before concluding with Brongniart as to the situation of SigiUaria in 
Ae vegetable kingdom from its internal structure, ^t will be necessary 
to examine some other characters of this genus, and also to consider 
some plants of the same geological age, and others which are now liv- 
ing ; for I hope to be able to shew that considerations of this kind will 
materially affect the conclusion in question. 

Within the last three years the collection of fossil plants in tbe New- 
castle Museum has been enriched with two nearly complete stems of tbe 
so-called SigiUaria reniformis in a decorticated state. Both specimens,* 



* For these specimens the Soolety, in whose Museum they are placed, is in< 
debted to the liberality of the Messrs Fan ton, Kirk, and partners. 
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together with another at present in the Sunderland Athensum^ were ob- 
tained from three separate but nearly contiguous sinkings at North Bid- 
dick Colliery, on the Wear^ at a depth of 140 feet below the surface. 
They were found in a perpendicular position^ each with its base or root- 
stock resting on a thin layer of impure coal, not exceeding three inches 
in thickness. The stratum in which these specimens were imbedded con- 
sists of a greyish-coloured arenaceous shale^ passing into a carbonaceous 
state at its junction with the subordinate coal-seam. The material of 
which the specimens are composed is the same as their matrix. 

The most perfect stem, and the one to which the following remarks 
will be confined^ is 7 feet 6 inches in height : its diameter is not uniform 
throughout ; at the base it is 2 feet three inches ; two feet higher^ it is 
1 foot 10 inches ; fr^m this part the thickness rapidly increases to about 
one-third of the height of the specimen, where it is 2 feet ; at this point 
the diameter becomes suddenly reduced to 1 foot 6 inches^ which thick- 
ness is preserved until within a foot of the top, where another increase 
takes place. The increase of diameter at the top appears to be due to 
the stem dividing itself into eight or nine branch-like divisions. Unfor- 
tunately these supposed branches are broken off so much below their 
actual departure from the main stem, as to afford only a slight indication 
of their existence. This character, was, however, more obvious in the 
Sunderland specimen ; but^ unfortunately^ circumstances not allowing 
of its being permanently placed when it was first obtained, the part 
which exhibited the branches has been destroyed. In support of Sigil- 
laria having had a branching stem^ I may here mention^ that a specimen 
which was sent to Mr Hutton for examination by Mr Dawes of Manches- 
ter^ was clearly a branch which had been broken off at its junction with 
the parent stem. Some other specimens sent by the same gentleman 
exhibited a similar character ; and Brongniart mentions that the Kunz- 
werk specimen^ previously alluded to, was divided into two equal 
branches. In consequence of a horizontal fracture occurring at that 
part of the stem where, as before mentioned^ the diameter becomes sud- 
denly increased^ it may be supposed that this augmentation is due to 
the fracture, especially as the same is observable on the other specimen 
in the Newcastle Museum. I am inclined^ however^ to think that it is 
due to the stem being unequal in its horizontal growth. 

All the specimens are distinctly ribbed and furrowed longitudinally. 
The most perfect one in this respect has some of its ribs furcated ; in one 
instance there are two furcations on one rib ; by this means the ribs be- 
come considerably narrower at the top than at the bottom ; in general, 
however, this diminution is caused by the ribs decreasing gradually in 
width in the ascending direction ; at the base where they are nearly 
obsolete^ the average width is about three inches, but at the top, where 
they are distinctly marked, it is reduced to less than an inch. On the 
middle of each rib is a row of scars in triple series^ that is^ three are 
placed in close contact with each other in a horizontal direction. The 
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middle scar of eacli series is very small^ compared with those lateral to 
it ; and hence they have rather the appearance of heing in pairs. Brong- 
niart's figure of SigUlaria lasvigata^ shews the triple nature of the series 
where the specimen is decorticated. Now, as each series of scars un- 
doubtedly resulted from one bundle of yessels passing from the internal 
vascular system into a single leaf or other external appendage^ it will be 
necessary to bear this in mind so as to distinguish those scars from another 
character hereafter to be mentioned under the name of leaf*- scars. The 
distance of the series of vascular scars from each other longitudinally, 
and on corresponding parts of different stems of SigiUaria, appears to 
vary; at least this is the case with the three individuals under considera- 
tion. On the one, in the Sunderland Atheneeum^ they are much closer to 
each other at thiB bottom than at the top, but on the specimen in the 
Newcastle Museum, already described, they are nearly at equal distances 
from each other (generally J of an inch), throughout its whole length. 
The other Newcastle specimen offers some disparity in this respect ; at 
the bottom, where it is very much wrinkled transversely, the vascular 
scars are an inch and a quarter from each other ; from two to four feet 
from the base there is only half an inch space between them ; and 
on the remaining part of the stem, this space is increased to an inch. 
This singular approximation of the vascular scars on the middle of the 
stem^ does not apear to arise from any downward pressure, for this part 
shews no appearance of wrinkles, but, on the contrary, a perfectly smooth 
surface. These evidences, and others hereafter to be adduced, incline 
me to think that the stems of Sigillaria were subject to irregularities in 
their longitudinal development. This last specimen affords another re- 
markable character, the existence of which might be readily doubted, 
were it not too obviously displayed ; on the lower part of the stem and 
completely round it, the median line of the ribs is sunk below the level 
of the furrows, so that the former are actually concave instead of being 
convex.* As I intend hereafter to advert to the origin of this remark- 
able character, any further allusion to it at present may be conveniently 
deferred. 

Besides the vascular scars, the whole surface of the ribs in a great 
many places is marked with longitudinal strice. In general these atrio! are 
straight, but occasionally they are flexuose, especially where the ribs are 
broad, and in this case they turn in towards the vascular scars. Lindley 
and Hutton's figures of Sigillaria reni/ormis (PI. 57), and the so-called 
Sigillaria Jkxuosa (PI. 205), afford a good illustration of both kinds. 

I shall now consider some other characters of Sigillaria, and for the 
present waive any further particulars connected with the specimens 
which have just occupied our attention. 

The most obvious features characteristic of the stems of this genus are 



• Vide Plate I, diagram 2, which shews the ribs a reduced to half the width of 
the originals ; 6 indicates the forrowft. 
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the ribs, the farrows, and the scars on their surface ; specimens shewing 
the original or outer 8urjGB»ce of the cuticle are rather uncommon ; when 
this surface is exhibited, a line of scars may be seen running up the 
middle of each rib, and possessing a character which distinguishes them 
from those already mentioned under the name of vascular scars, and 
which character is entirely due to the presence of the cuticle. On thd 
North Biddick specimens, from their being decorticated, we merely ob-» 
serve the scars left by the yessels which proceeded from the internal 
vascular system into the leaves ; whereas^ on those specimens which 'still 
retain the cuticle, we observe not only the vascular scars^ but likewise 
the impressions left by the fallen leaves. Hence^ the latter have been 
termed leaf-scars. Corticated examples of SigtUaria shew each of these 
impressions to consist of a defined border surrounding an area^ in which 
are situated the triple series of scars left by the vessels previously men- 
tioned.^ The leaf-scars in young branches of the common ash and the 
plane-tree offer a good illustration of those under consideration. 

The remains of SigtUaria are generally found very much flattened^ 
and consequently the leaf-scars seldom shew any appearance of standing 
out in relief; this, however, it would appear was not the case originally^ 
at least in some species, for I have seen a beautiful specimen belonging 
to Mr Dawes, preserved in ironstone, having the lower margin of the 
scars projecting about a quarter of an inch beyond the level of the ribs. 
The details already given as to the internal structure of SigtUaria 
elegana shew that its cuticle is composed of two distinct layers, the inner- 
most one of prosen<Apma, and the outermost of parenchyma, or ordinary 
cellular tissue ; from this peculiarity it may be supposed that the 
cuticle is in some cases separable into two portions, and that single spe- 
cimens of SigtUaria ought to be found, shewing various surfaces of the 
cuticle. As yet, I have not seen this in any of the specimens which 
have come under my notice, but I strongly suspect that some in this state 
are figured in Brongniart's "History of Vegetable Fossils." I will 
revert to those shortly. The cuticle of Leptdodendron, according to Mr 
Witham,t is similarly constituted, and in confirmation of this, it may 
be mentioned, tliat I have seen corticated specimens of this genus 
having the outer surface of both layers of the cuticle exposed4 Had 
Steinltauer been aware of the compound nature of the cuticle of Lqndo • 



* The triple nature of the vascular scars, is decidedly more obvious in corti- 
cated specimens than in those which are decorticated. 

t " The internal structure of Fossil Vegetables found in the Carboniferous and 
Oolitic deposits of Great Britain, described and illustrated/' 4to, 1833. 

I The specimen of L^ichdendrony figured by Steininger, appears to exhibit 
the inner surface of each layer of the cuticle, and also an impression of the outer 
surface of the outermost layer. Vide ** Geognostische Beschreibung des Landes 
zwischen die Untern Saar und dem Rheine," 1840. 
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dinu^ron, I have little doubt that his description of the yarious impres- 
sions of this fossil^ under the name of PhfftoHthua canceUatua, would have 
been in eyery respect complete.* 

'With reference to SigiUariOf let it be supposed that the diagrams 3, 4, 
and 5y of Plate I. represent its cuticle under the yarious appearances, 
and ui the different states of division as just supposed, and it will be 
seen in what manner several different surfaces may be afforded by a 
single specimen. 

Let us suj^ose, that, in the third diagram, the cuticle a b otSigUlaria 
is preserved in a fragment of slate, which is divided where the specimen 
u imbedded, — that the cuticle adhered to that half or division marked 
B, and tiiat its original or external surface is exposed. Now it is evident, 
tiiat,in this case, there will be exposed on the other half of the slate A, 
a sorfiace which will differ from the former, in displaying the leaf scars 
placed on wide furrows instead of ribs. Brongniart'st figores of SigiUaiia 
Utvigata (PI. 143, fig. 1.) and Sig. SauU (PI. 151), represent the original 
maiace of these species, while that of Sig, pyriformU (PL 153, fig. 3) 
shews merely an impression similar to that which ought to be seen on 
tbe division A. 

With respect to the fourth diagram, let it be supposed, that, instead of 
the external surface of the cuticle being exposed, we have the oppo- 
site or internal one in this slate ; the sur&ce of that division of the slate 
marked A, will consequently be characterized with broad furrows, hav- 
mg no leaf-scars, but merely vascular scars ; the latter will also be ex- 
hibited on the other division marked B, but, instead of being on broad 
farrows, they will be situated on ribs. The three North Biddick specimens 
are in this latter state, an illustration of which may be seen by consult-^ 
ing Undley and Hutton's figure of SigiUaria reni/ormis (PL 57)^ while 
the figure in the " Fossil Flora" of the so-called Sig, altemans (PL 56), 
exhibits the inner sur&ce of the cuticle, and consequently the appear- 
ance displayed on that division marked A. i 

As regards the fifth diagram, it is to be supposed that the slate has 
been divided in such a manner as to exhibit the surfieuse of both layers a 
and( of the cuticle, where they were in contact with each other, thereby 
leaving a layer on each of the divisions A and B. The cases already 
noticed have clearly afforded four different appearances ; the present one 

• American Philosophical Transactions, New Series, vol. X, p. 280, &c. 

t All the references at present made to Brongniart's figures must be under- 
stood to apply to his •* Histoire des Vegetaux Fossiles," &c 

t I am perfectly satisfied as to what, is said in the text respecting SigiUaria 
akenuuu being correct, for I have examined the specimen itself which Lindley 
and Button have figured. In tliis note I cannot but acknowledge the kindness 
and liberality of the latter gentleman, in allowing me the unreserved examination 
of Ids Invaluable collection of fossil plants, especially when it is considered, 
that he was fully aware that my principal object was to support an opinion di- 
rectly opposed to what he has advanced in the '* Fossil Flora." 

VOL. XXXVI NO. LXXI. JAN. 1844. 9 
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Affords us two more, whicb, it will presentlybe seen^ differ from the othez» . 
l^Hese latter, however, will Tarj according to the thickness of either layex 
of the cuticle ; on those specimens in which this layer is thick, only the^ 
vascular scars will he seen ; while on those in which it is thin, there will 
also he seen^ though faintly^ an outline of the leaf-scars. The surface o# 
hoth divisions of the slate^ A and B, may agree in this respect, the onljr 
difference being, that the scars will be placed on broad furrows in tli^ 
former^ and on ribs in the latter. I have for some time suspected that th» 
two fossils which &ongniart has published under the names of Syrirhgoden-- 
dron pachtfderma and Syr, cydosHgma (PL 166)^ as well as some figured 
by Sternberg (PL 13, fig. 1)^ and Lindley and Hutton {Syr, organum, 
PL 70)j are true SigiUaruBy and that they ought to be classed in the last 
division, that is^ with those specimens which exhibit only the outer sur^ 
face of the innermost layer of the cuticle. The reason for this I con- 
sider is involved in the fact^ that the whole of those fossils shew the vas- 
cular scars most distinctly on the outer surface of the exposed cuticle, 
while the leaf scars appear to be absent. Another argument in favour 
of this view is afforded by Syr, organum just referred to, and some other 
specimens which have come under my notice : when they are held up 
to the light in favourable directions, these last shew appearances which 
resemble the usual form and size of leaf-scars, but which are precisely 
as if they were caused by impressions that had passed through an inter- 
vening layer of cuticle from the leaf scars. It requires to be mentioned, 
however, that I am quite as much in fSavour of the opinion that the outer 
surface of the outermost layer of the cuticle is the one exposed on these 
specimens ; but I cannot agree with Brongniart in supposing that the 
peculiarity of their scars renders it necessary to place them in a genus 
distinct from SigUlaria. I am, on the contrary, inclined to think that 
this peculiarity is merely due to the falling off of the leaves, and the sub- 
sequent increase of the stem, — ^two circumstances which, it is evident, 
would tend to obliterate all traces of the margins of the leaf-scars. Be- 
sides the scars, the surface of both divisions, as well as that of B, in dia- 
gram 4, will exhibit a number of longitudinal stria* which constitute an 
important character, inasmuch as it enables us to distinguish these sur- 
&ces from the original or external one of the cuticle, which, on the con- 
trary^ is in genera! marked with transverse lines^ either straight, sinuous, 
or angular.t As the longitudinal stri€B are always seen on the surfaces 
resulting from the innermost layer of the cuticle,^ I am inclined to think 

* Vide the decorticated parts of Siffillaria paehyderma (Plate 150, fig. 1) and 
Sig, Schloihehni (PI. 152, fig. 4), as figured by Brongniart in his '' Vegetaux Fos- 
siles." 

t Vide Brongniart*8 figures of Sig. paehyderma and Sig. eontraeta (Plate 147, 

fig. 2). 

* The innermost layer of the cuticle of Lepidodendron is also formed of prosen- 
ehyma, and the surfaces resulting from it exhibit similar longitudinal «tna«. 
Casts of the ligneous cylinder of Stigmariay likewise shew impressions of this 

ind, which are evidently caused by the elongated vessels of which it is funned. 
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iiiat they are due to the adrrangementin linear series of the elongated ceils 
«ompo8ing the prosenchymatous iassue of this layer^ and as such are to 
be distinguislied from l^e lines whioli are occasionally seen running 
up the lateral parts of the ribs of some corticated specimens, which shew 
the outer surface of the cuticle^* and which lines I look upon as having 
a totally distinct origin, as resulting in fSact from the horizontal exten- 
MOD of the stem. It is by means of these longitudinal strim that I have 
arriyed at the conclusion^ that Lindley and Hutton's figure of Sig/iXlariii 
fesuMQ does not exhibit the original or external sur£EM;e of the cuticle 
of this so-called species. 

It has been previously remarked, that I have not met with any single 
specimens of this fossil shewing different surfaces of the cuticle : it is 
probable^ however, that SigUlaria heaagona (Brong. PL 156) is in this 
state ; the part shewing the leaf-scars with a well-defined border is ob- 
viously the external surface of the plants — that which shews these scars 
with a less defined border^ appears to be the external surface of the 
inner layer of the cuticle, — and the one which exhibits this character of 
the scars very obscurely, is fKrobably the impression of the inner sur« 
&ce of the same layer. That the last part alluded to does not exhibit 
the matrix on which the specimen is preserved, worn down below the 
impression which ought to result from the inner surface of the inner 
layer of the cuticle, is, I think, fully proved by the longitudinal struB 
tiiereon exposed being so strongly marked. I would also suggest that 
the various appearances exhibited by the figures of SigUlaria Knorri 
(Brong. PI. 156, fig. 3) may be similarly produced. 

In none of the descriptions of SigUlaria that have come under my 
BQftiee, is there any mention made of this plant possessing axillary buds. 
That such constituted one of its characters can admit of little if any doubt, 
alter an examination of the outline t which is given in our plate of il- 
lustrations, and which is Sb facsimile of one of the leaf-scars of a specimen 
in the Newcastle Museum, resembling Brongniart's SigUlaria scutellata, in 
the width of its ribs and the distance of the scars from each other 
What I wish to call attention to in this outline is the prominence c above 
the margin of the leaf scar a, a character which is seen above the whole 
of the scars exhibited in the specimen. t Now, their situation relatively 
to the leaf-scars being the same as that of the axillary buds of Dicotyle- 
dons, and their occurrence above all the scars of the specimen, is, I think, 
equivalent to a demonstration that these prominences are the remains 
of the axillary buds of the plant on which they are preserved. This 
character, taken in connexion with what has been stated of the branching 

J ' ■ " ■ '— ™ '■ ■ "■ ™" ^ ■-■- I ■■ I ■■■! ■ n il ■- I 111- ■ ■■ 11 ■ Ml, 

♦ Vide Brongniart's figure of SigUlaria retiiformis, 

t Vide Plate I, figure 6 — a the vascular scar — b the triple series of vascular 
■cars — € the axillary bud. 

X I have observed similar prominences, though they are not so obvious, on some 
other specimens of S^iUariaj but instead of being a little above the leaf scar, they 
are inclose contact with its superior margin, — a position which^ it is evident, must 
render it difficult to see them. 
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of the Nortb Biddick and other specimens, is, m. my estimation^ quite con- 
clusiye in proying that the braaches of SigiUaria originated, as in tbe 
higher yegetable forms, from the axils of the primary leases** 

In accordance with the preceding remarks respecting the bipartitioiv 
of the cuticle of SigUlaria, we are naturally led to arrange a number of 
specimens^ in the states represented by the diagrams, under three separate 
diyisions. These divisions may be seyeraUy termed cortkoAedr denUeovti^ 
€ated, and decorticated. 

The corticated division wifi embrace those specimens having theestire 
cuticle preserved ; the demicorticated such as have only one of the layers 
6f this part remaining, and the decorticated those which are divested of 
both layers* 

Corticated specimens will exhibxt two different appearances accordingr- 
ly, as the inner or outer surface of the entire cuticle may be exposed ; 
for instance, in the latter case we shall have leaf-sears on the ribs, hurt inr 
the former there will be vascular scars on l»road furrows. Examples of 
the first kind are of exceedingly rare occmrence in the North of England 
coal-field ; nearly all that are published in the '^ Fossil Flora" from this 
district are either decorticated or exhibit only the inner surface of one or 
other of the two layers coraposmg the cuticle : the figures representing^ 
SigiUaria altcmara, Siff* ecUenulata, Sig. reni/ormis (Tab, 71), and some 
others, may be taken as examples of the last kind. 

Demicorticated specimens are extremely difficult to recognise, on ac- 
count of the appearance which they present being somewhat similar to 
that displayed on the inner sur&ce of the inner layer of the cuticle, and 
consequently they may resemble the kinds last mentioned. Demicor- 
ticated specimens are also divisible into two kinds, the one having the 
vascular scars on ribs, and the other on broad furrows, t As already sug- 
gested, Brongniart's figures of the genus Syringodendron, and I may also 
add some of those given by Stemberg:|: and lindley and Hutton as ex- 

* I have also observed axillary buds on several speeimens of Lepidodendron, 
— a character which completely proves that the branches of this phmt have had w 
origin similar to those of SigiUaria, and not from a division of the paint of the 
main stem at certain stages of its developement, as is generally considered. 
Sternberg's figores of Lepidodendron aetUeatum (Tab. vi. fig. 2; Tab.viii.fig. 1. 
B. a. b.), are the only published ones known to me that exhibit these axillary 
buds ; the fossil is merely an impression, 0DOsequentIy» the figures shew them in 
the state of impressions. 

t The fbct already stated respecting the occasional flexnous appearance of the 
longitudinal «trto, on the ribs of the North Biddick specimens, will in a great 
measure shew that this character is not sufficient to constitute a specific dif- 
ference. 

t The specimen on which Sternberg founded his genus Syringodendron (Tab. 
xiiL fig. 1), appears to be nothing more than a decorticated portion of SUgmaria 
(root of SigiUaria) belonging to a part adjacent to the stock. The irregularities of 
the furrows, and the irregular arrangement of the vascular scars of this specimen 
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wq^les of this genus, mayxepreseat different species of SigiUarut in a de- 
nucorticated state. 

Decorticated specimens are by far the most abnndant. Lindley jand 
Hntton's figare of SigtUaria renifarmis (Fl. 67)> affords a good illustra- 
tion of the- kind displayed on that ^^ision of the diagram 4, marked B ; 
While Brongniart's representation of Sig. pyriformU (PL 153, fig. 3), 
diews the appearance on the division markod A of diagxam 3 ; the fbr- 
iner exhibits an Impxession of the inner surfiEMse of the cuticle, and the 
latter shews an impression of the outer or original surface of this part.* 
I have A single observation to make respecting specimens of the first di« 
visioD, which is^ that they expose the vascular scars idtuated on convex 
ribs, with the exception of the previously noticed specimen firom North 
Kddick. It is necessary to bear this in mind, as it is highly probable 
Aat hand specimens may be found displaying the saote character, and 
as such will be otherwise inexplicable. 

What has now been stated vdll^ I think, make clear the mode in which 
one specimen of Siffillaria may afford six different appearances ; should 
ftis be admitted, it necessarily follows, that, of the sixty or more species 
which have been described of this genus, a great many are purely facti- 
fions : other condderations to be adduced hereafter wiH tend still further 
to reduce this number. 

(To be coniUnuecL) 
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England and France have long been honourable rivals on 
the ocean, as well in exploring as in warlike expeditions. The 
voyages of Cook, Vancouver, Flinders, Parry, Beechey, King, 
Fitzroy, and Ross, are conspicuous in the annals of English 
navigation ; while France is no less honoured bj her explora- 
tions under Bougainville, La Perouse, (jabillardi^re, Duperrey, 
Freycinet, and D'TIrvillie. Both countries have looked beyond 
the mere discovery of new lands, new commercial resources, 
and territorial aggrandizement. Their efforts have been 
directed towards an increase of knowledge in every branch of 
seiei^ce ; and there are few re^ons^ from the equator to the 
poles, which have not been tracked by their vessels. What- 

are predsely the «am« as is seen on the origins of the branches of this fossil ; 
tbat is, when the characters of the stem become blended with those of the root. 

* The so-called SigiUarkb monattaehya (PL 72) of Lindley and Button, which 
IpereeiTeis erroneously considered by Fresl a species of Ulodendron (Stembeig, 
parts 7 and 8, p. 186} is, I am convinced, a decorticated isolated rib of %. rent- 
/brmit. The specimen figured in the Fossil Flora is in the Newcastle Museum. 
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ever could illustrate the condition or resources of the regions 
visited ; the customs, languages, or history of their unknown 
tribes ; or the motion of the winds, the waters, the world, or 
the stars, has been thought worthy of observation. Cook was 
dispatched to the Pacific Ocean expressly to observe the transit 
of VenuS) and Sir Joseph Banks and Forster accompanied him 
at different times in his voyages around the world. In the 
late voyage of Fitzroy, Mr Darwin was associated with the 
expedition, and made large contributions to science. France 
has outstripped England in the liberality with which her ex- 
peditions have been fitted out, and in the magnificence of her 
publications. The many folio volumes of plates, published as 
the result of the voyages of Freycinet, Duperrey, and D'Urville, 
and those of Napoleon's expedition into Egypt, are among the 
most splendid productions of the age. They are a noble gift 
from France to the world. 

America has at last taken her part in the labours of explora- 
tion. An Exploring Expedition has been sent out, and has 
returned. It was organized on a plan honourable to a nation 
that is second to none in enterprise and general education ; 
and its results, when published, will, it is believed, equal in 
amount and interest those of any expeditidn that has preceded 
it. The expedition sailed under the command of Lieutenant 
Charles Wilkes, who was aided by intelligent officers, well- 
fitted for the duties to which they were called ; and the large 
number of charts that have been made in the course of the 
cruise, evince alike the energy of the commander, and the 
industry and skill of all engaged in the surveys. The duties 
have been extremely laborious, beyond the conception of the 
comfortable house-dweller at home. The loss of one schooner 
with all hands, including two officers; the total wreck of 
another vessel — ^the sloop of war Peacock — stripping the crew 
of everything but their lives ; the massacre of two officers by 
the savages of the Feejee islands, and of a sailor by the treacher- 
ous Kingsmill Islanders, are the only fatal disasters ; but they 
are a few only of its perils. Indeed, there were dangers every- 
where, by land as well as by sea. The personal adventures in 
the course of the cruise, told as simple tales, without exag- 
geration, would make a volume fall of startling incidents, and 
replete with interest. 
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It is gratifying to learn that the country will soon be put 
in possesion of tiie facts collected. Thus far those engaged 
in it have alone been benefited. They have collected infor- 
mation that will be invaluable to them as men of intelligence 
and members of society. It remains for them to give this 
information to the country, that the people who have borne 
the expense may also partake of the profits. The affairs of 
the expedition are in the hands of the Library Committee of 
Congress, and, under their direction, Captain Wilkes has been 
put in charge of the history of the voyage, the charts, and 
philosc^hical observations, and the other departments of 
science are placed in the hands of those that had charge of 
them during the voyage. Each will prepare his own reports, 
reap his own honours, and be held responsible for his own 
fieu^. The extent of the work cannot be definitely stated : 
die plates will form several folio volumes in the style of the 
voyage of the Astrolabe. 

As the country is much interested to know what has been 
done by the expedition, it is proposed to give, in as brief a 
manner as possible, some idea of the material on hand for 
publication, and the general character and extent of the col- 
lections. Our acquaintance with the gentlemen of the ex- 
pedition enables us to state many particulars which have not 
yet appeared in print, the accuracy of which may be relied on. 

We prelude our remarks, by giving the track of the vessels 
as laid down in Captain Wilkes*s synopsis of the cruise. 

On August 19, 1838, the vessels left the Capes of the Chesa- 
peake, and sailed for Rio Janeiro, making short calls at Madeira 
and the Cape Verds. From Rio, on the 6th January following 
they proceeded to Rio Negro, on the northern confines of 
Patagonia, and thence to Nassau Bay, in Terra del Fuego, 
just west of Cape Horn. From this place, the Peacock, Por- 
poise, and the two schooners, made cruizes in different direc- 
tions towards the pole ; but the season was too far advanced 
fot much success, as it was already February 24ih before they 
sailed. The schooner Flying Fish, notwithstanding, reached 
latitude 70'' 14^ S., nearly the highest attained by Cook, and 
not far from the same longitude. The ship Relief was ordered 
to enter a southern channel opening into the Straits of Ma- 
gellan, but met with constant gales, and barely escaped being 



\/ 
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wrecked, after a loss of four anchors, at an anchorage she 
made under Noir Island, to escape the rocks of a lee coast. 
The Vincennes remained at Nassau Bay to carry on surveys 
and magnetic observations. In May of 1839, the vessels were 
again together at Valparaiso, with the exception of on& 
schooner, the Sea Gull, which was lost in a gale shortly after 
leaving Nassau Bay. The vessels sailed on the 6th of June 
for Callao, Peru, and from here, the Relief, having proved 
ill-adapted for such a voyage, was dispatched home. On the 
12th July, the squadron left the South American coast and 
sailed west, visiting and surveying fourteen or fifteen of the 
Paumotu Islands, two of the Society Islands, and all the Navi- 
gator group ; and on the 28th November reached Sydney, 
New South Wales. 

The vessels next proceeded on their second Antarctic cruise* 
Land was first discovered in longitude 160° E., and latitude 
66° S(y S. The Vincennes and Porpoise pursued the barrier 
of ice to the westward as far as 97° E. longitude, seeing the 
land at intervals for 1500 miles. When the barrier of ice 
permitted, the Vincennes sailed along " within from three- 
fourths of a mile to ten miles of the land/' In a place they 
called Piner's Bay, soimdings were obtained in 30 fathoms, 
and they had hopes of soon landing on the rocks ; but a storm 
came up suddenly, which lasted for thirty-six hours, and drove 
the vessel far to the leeward ; they consequently pushed on 
with their explorations to the westward, hoping for some 
more accessible place, but were disappointed.* 

Large masses of rock were collected from the icy barrier in 
close proximity to the land, which are now deposited in the 
National Gallery at the Patent Office. Two of the masses, 
one of basalt, and the other of compact red sandstone, weigh 
each about eighty pounds. Besides these, there are many 
smaller specimens of gray and flesh-coloured granite, gneiss, 
white and red sandstone, basalt, and reddish clay or earth. 
The Peacock was enclosed in the ice soon after reaching it, 
when penetrating towards an appearance of land ahead, and 
for twenty hours they were barely hoping for life. They had 
obtained soundings in 320 fathoms.t On the 24th of February, 

• See the Synopsis of the Cruise by Captain Wilkes. 

T There h|u been much incredulity in the country with rejy^ard to the disoOTeiy 
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1840» the Vincennes left the ice, and by the 24th of April, all 
the vessels were together at Tongatabu. During the Antarctic 
cruise, the scientific gentlemen were occupied making obser- 
vations and collections in New Holland and New Zealand ; 
they joined the squadron at the latter place. 

After delaying a day or two at Tongatabu, the squadron 
proceeded to the Feejees, where nearly four months were in- 
dustriously occupied in surveys and various scientific obser- 
vations. Thence they sailed for the Sandwich Islands, passing 
on the way, and surveying several small coral islands. The 
Vincennes spent the winter at this group, and in the coiirse of 
it, the pendulum, and other philosophical instruments, were 
carried to the very summit of Mauna Loa, an elevation, of 
14,000 feet. Occasionally, at sunset, they observed the su- 
blime spectacle of the shadow of this mountain dome projected 
upon the eastern skies. 

During the same time the Peacock and schooner Flying 
Pish were cruising in the equatorial regions of the Pacific, 
visiting and surveying numerous scattered coral islands, be- 
sides the Navigator's and the Kingsmill group, and others of 
the Caroline Archipelago. The Porpoise made charts of 
several of the Paumotu Islands not before surveyed, and 
touched again at Tahiti. 

In the Spring of 1841, the Vincennes and Porpoise were 
early on the coast of Oregon. The Peacock and Flying Fish 
arrived there in July ; and, while attempting to enter the 
Columbia, the Peacock met with her disaster. There were 
several land expeditions, into the interior of Oregon, of from 
500 to 1000 miles each, and one of about 800 miles from the 
Colombia River to San Francisco, in California. 

The vessels left California in November 1841, touched for 
supplies at the Sandwich Islands, and proceeded to Manilla, 

of this land, owing probably to mistaking the dispute with the French with re- 
gard to priority of discovery, for a dispute with regard to discovery itself. The 
facts here stated set the subject at rest. Within a few weeks, acknowledgments 
have reached this country from the French expedition, yielding the priority to 
the American expedition, and it will be so stated in their forthcoming publica- 
tions. The part of the line of land which Ross is said to have sailed over, was a 
discovery claimed by Bellamy, and which Captain Wilkes added to the chart he 
sent Captain Ross, with Bellamy's name accidentally omitted in copying. 
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in the Philippines ; . thence to Mindanao, and through the 
Sooloo Archipelago, and the Straits of Balabac, to Singapore, 
which place they reached in February of 1842. They pro- 
ceeded thence by the Straits of Sunda to the Cape of Good 
Hope, and passing by St Helena, the squadron arrived at Nevir 
York in June of 1842, having been absent from the country 
about three years and ten months, and having sailed between 
80,000 and 90,000 miles. 

The number of islands surveyed during the cruise of the 
exploring expedition is about 280, besides 800 miles on the 
streams and coast of Oregon, and 1500 miles laid down along 
the land and icy barrier of the Antarctic continent. Nume- 
rous islands of doubtful existence have been looked for, shoals 
have been examined, reefs discovered and laid down, har- 
bours surveyed, and many for the first time made known ; and 
the latitudes and longitudes of the points visited have been 
determined with all possible precision. Very many of the 
doubtful points in the geography of the Pacific have been 
cleared up, and the expedition is prepared to supply our navi- 
gators with the most complete map of the ocean ever pub- 
lished. 

Next to Oregon, the Feejee group may be considered the 
most important of the unexplored regions visited by the squa- 
dron. This group is a perfect labyrinth of lofty islands and 
coral reefs, and many disastrous wrecks have already occurred 
to our trading vessels in those seas. The islands are visited 
for biche-da-mar,* tortoise shell, and sandal woo<) ; and there 
is no part of the year in which there are not some Yankee 
cruisers threading their dangerous way among its thousand 
reefs. The whole number of islands in the group is about 
150 ; one of these contains about 4000 square miles, and an- 
other is but little smaller. They are rich and fertile, and 
will one day rank first in the Pacific for resources, as they are 
now first in extent and number. The harbours are numerous 
and convenient. 



* The biche-da-mar is a kind of sea-slug, a sluggish, cucumber-shaped animal, 
that lives about the reefs. It is boiled, and dried over a smoking fire, and car- 
ried in ship-loads to the Chinese market, where it is esteemed a c^reat delicacy. 
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Much might be said of Samoa, or the Navigator Islands, 
which, though less extensive, are more beautiful than the 
Feejees, and contain at least five times as much fertile land, 
in proportion to their extent, as the Sandwich Islands. But 
our remarks would lengthen out beyond allowed limits, should 
we speak even cursorily of the various regions that have been 
examined. 

A few unknown islands were fallen in with, and one was 
discovered at midnight, just in time to avoid its reefs. But 
many such discoveries are not to be met with at this late day. 
At the island referred to, the natives were so completely ig- 
norant of white men, as to believe them inhabitants of the 
sun ; for they thought that the great ship, or '' floating island," 
as they called it, might sail off from the sun when it comes to 
the surface of the sea at night, or leaves it in the morning. 
All their little property was brought out by the terrified 
people, as a peace-offering to their imagined deities ; and 
when the boats shoved off from the shore, they pointed to the 
sun, and asked in their language, *' you going back again.1" 

Observations with the magnetic needle, thermometer, and 
barometer, have been constantly made throughout the cruise. 
The deep sea lead with a self-registering thermometer at- 
tached, has been sent down in the various seas passed over, 
and many interesting facts have been observed, that throw 
light upon the upper and under currents of the ocean. Ob- 
servations were also made on shooting stars, the zodiacal light, 
the aurora australis, tides, the course and rotatory character 
of gales, &c. &c. 

The manners and customs, mode of life, superstitions and 
religious observances, traditions, &c. of the people met with 
in the course of the cruise, received constant attention, and 
complete collections were made of their implements, ma- 
nufactures, articles of dress, &c. These collections are now 
nearly arranged in the Hall or National Gallery at the 
Patent Office. Separate cases, or parts of cases, are al- 
lotted to the different islands, or groups of islands; and when 
labelled throughout, which is now in progress, the condition 
of the various tribes or races, and the degree of civilization 
among them, will be at once apparent to the eye. By a walk 
through the National Gallery, we travel with more than rail- 
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road speed over the Pacific, and examine into their various 
productions, and the relative intelligence of the savages. The 
degradation of the New Hollander stands out in bold relief in 
contrast with the more advanced, though no less barbarous, 
Feejee. With the former, a virar-club, and one or two other 
implements of war, including a small elliptical shield, is their 
all, — there are no dresses, no household utensils, for they use 
neither, and live without houses. Two cases* are filled with 
articles of Feejee manufacture, and among them are war-clubs 
of various kinds, spears, bows and arrows, native cloth of nu- 
merous patterns, dresses of the men and women, with bracelets 
and necklaces of shells and human teeth, wigs of Feejee hair, 
shewing the mode of dressing the head, native combs, paint 
for painting the face, their pillovirs (a stick like a broom-handle 
supported on short legs at each end), musical instruments, 
models of canoes, — indeed, all the arts and manufactures of 
the island, are well represented ; and were the chief Veindovi 
living, a visit to the Hall with Veindovi at hand, would be 
little less interesting than visiting the islands themselves. 
One advantage at least — ^no danger would be apprehended from 
a ferocious race of cannibals, that are ready to attack all in* 
truders into those seas. Several Feejee skulls are to be found 
in a separate case, containing the skulls collected by the ex- 
pedition ; among them, one bears the marks of the fire in a 
large burnt spot on the top of the head. Early one morning, 
soon after the Peacock came to anchor ofi^ a small Feejee 
town, she was boarded by a large number of natives, who 
came ofi^ with their half-eaten bones in their hands, the re» 
mains of the past night's cannibal feast. They continued eat- 
ing the human flesh on deck, as unconsciously as we woxdd eat 
an apple. One had the skull just referred to in his hand, and 
as he consented to part with it for some trifle, he gouged out 
the remaining eye, and went on eating ojBP its muscles. This 
fact, so revolting, is here stated on account of the prevalent 
unwillingness to admit that cannibalism actually exists among 
the savages. This was seen both by men and officers, and 
fi-om the facts collected, there can be no doubt of their enter- 

* The glass-cases in the hall measure twelve feet by four, and are eight fe,et 
high. 
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tainiog an actual relish for human flesh. The pottery of the 
Feejees is among the most remarkable of their manufactures, 
as this art is not known to the Polynesian races. Collections 
equally curious were obtained at other places, but we must 
pass them by without remark. 

The portfolios of the artists are rich in scenes of every kind, 
illustrating the. islands or regions visited, and their inhabi- 
tants. The scenery of the islands, their moim tains and forests, 
their village^y with interior and exterior views of huts and 
public houses — ^their spirit-houses or temples — fortifications- 
household utensils — canoes — the natives in council — dressed 
and painted for war — ^the domestic scenes of the villager- 
costumes — tattooing — ^modes of cooking, eating, drinking cava, 
taking and curing fish, swimming, gambling, and other amuse- 
ments — ^their war-dances, club-dances, jugglery, and nume- 
rous other particulars illustrating their manners and customs, 
have been sketched with fidelity. The portraits, too, are nu- 
merous, and so faithful, that the natives, who had not seen 
them taken, on beholding them, would cry out with surprise 
the name of the individual represented. 

The number of sketches of scenes and scenery amounts to 
more than 500, besides 500 others of headlands ; the number 
of portraits is about 200. They have been taken at all the 
places visited, from Madeira, where the vessels first stopped, 
throughout the cruise, to St Helena. It is unnecessary to 
enumerate the particular regions. 

The principal importance of the observations and sketches 
illustrating the different races, consists in their bearing upon 
the history of these races, their migrations, and their physical 
and moral characteristics. These subjects, in connection with 
the study of languages, which together constitute the science 
of ethnography, received special attention during the cruise. 
The opportunities for observation have been unusually good, 
and the information collected will prove, it is believed, highly 
interesting. Only a few of the results can here be alluded to. 

It has been long known that the inhabitants of the princi- 
pal groups scattered over the Pacific to the east of the Feejee 
islands, those usually included under the general name of 
Polynesia, belong to one race, and, in fact, are one people 
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speaking dialects of one general language closely allied to the 
Malay. Materials have been obtained for a comparative 
grammar and dictionary of the most important dialects (in- 
cluding those of the Sandwich, Society, Friendly, Navigator, 
and Hervey Islands, and New Zealand), and from this com- 
parison, and the traditions of several of those islands, it is be- 
lieved that the original seat of the population, viz. in the Na- 
vigator Islands, has been satisfactorily determined, and the 
course of the migrations has been traced out by which the dif- 
ferent groups were peopled. 

The vast island or continent of New Holland has hereto- 
fore been generally supposed to be inhabited by numerous 
tribes speaking languages entirely distinct. An opportunity, 
however, was found of obtaining a grammatical analysis of the 
languages of the inhabitants of two tribes living more than 
two hundred miles apart, and ignorant of each other's exist- 
ence, which has resulted in shewing a clear and intimate re- 
semblance, not merely in the great mass of words, but in the 
inflections and minute peculiarities of the two languages. By 
the aid of several vocabularies, the comparison has been ex- 
tended across the entire continent, and has afforded fair 
grounds for believing that the inhabitants of New Holland, 
like those of Polynesia, are one people, speaking languages 
derived &om a common origin. Much information was ob- 
tained from the missionaries and others concerning the cha- 
racter, usages, and religious belief of this singular race. 

The inhabitants of the extensive and populous Feejee group 
have been viewed with peculiar interest, from their position 
between the yellow Poljmesian tribes on the east, and the 
Oceanic Negroes on the west. The result of inquiries, pur- 
sued with care during a stay of nearly four months, has been 
to throw new and unexpected light on the origin of this 
people, and their connection with the neighbouring races. A 
mass of minute information in regard to the customs, tradi- 
tions, and languages of these islanders, including a grammar 
and a dictionary of about 3000 words, will be given to the 
public. 

The Kingsmill Islands are another interesting group, first 
accurately surveyed by the vessels of the expedition. They 
lie in the western part of the Pacific, directly under the equa- 
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tor. They are sixteen in number, all of coral formation, the 
highest land on any of them rising not more than twenty feet 
above the level of the sea, and their united superficies not ex- 
ceeding 1 50 square miles. They afford no stone but coral, 
no quadrupeds but rats, and not more than thirty species of 
plants. Yet on this confined space, thus scantily endowed 
by nature, was found a dense population of more than 60,000 
souls, in a state not inferior, as regards civilization, to any of 
the other islands of the Pacific. It is obvious that the charac- 
ter and customs of this people, as modified by their peculiar 
condition, must have presented much that was novel and 
striking. By the aid of two sailors who were fortunately 
found living on those islands, one of whom had been detained 
there five years without an opportunity of escaping, these 
points were minutely examined, the relations of the language 
determined, and the probable origin of the natives ascertained. 

In the territory of Oregon, vocabularies have been obtained 
of twenty-six languages belonging to thirteen distinct fami- 
lies, a surprising and unexampled number to be found in so 
small a space. In general, where a multitude of unrelated 
idioms have been believed to exist, more careful researches, 
by discovering resemblances and affinities before unperceived, 
have greatly reduced the number. On the north-west coast 
of America, however, this rule does not hold good, and care- 
ful investigation, instead of diminishing, has actually increased 
the number of languages between which no connection can be 
proved. On the other hand, traces of affinity have been dis- 
covered where none were supposed to exist ; and ft is worthy 
of note, that one family of languages has been found extend- 
ing from the vicinity of Bheering'^s Straits to some distance 
south of the Columbia River. 

At Singapore the expedition procured from an American 
missionary there resident, a collection made by him with great 
pains, and at considerable expense, of valuable Malay and 
Bugis manuscripts relating to the history, mythology, laws, 
and customs of the East India islands. Since the loss of the 
splendid collection of Sir Stamford Raffles, which was burned 
along with the vessel in which it had been shipped for Eng- 
land, this is believed to be the best in existence. It is likely 
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to be of great service hereafter, not less to the historian ±] 
the philologist. 

The birds of the expedition already make a fine display* 
the National Grallery, although but two-thirds are yet arrang'^ 
In all there are about 1000 species collected, and double 
number of spechnens. Contrary to expectation, many of 
birds of Oceania were found to have a very limited ran| 
Some of the groups have species peculiar to themselves, 
several insessorial species were found to be confined to a singi 
island. About fifty new species were obtained. 

The field for mammalia afforded by the voyage has bee] 
very limited. None of the Pacific islands, including* Ne^ 
Zealand, contain any native mammalia, except bats. Mucl 
interesting information was, however, obtained relative to spe- 
cies met with on the continents visited, and a few new species 
were collected. 

The following is a list of the number of species in the other 
departments of zoology, as nearly as can now be deter- 
mined : — 

Shelb, .... 2000 

Zoophytes, exclosiye of Co- 
rals, . . . • 300 
Corals, .... 450 

Of these the number of new species, is nearly as fol- 
lows :— 

Fishes, . . . .250 SheUs, . ... 250 
Reptiles, , ... 40 Zoophytes, exclosiye of Co- 
Crustacea, . . . 600 rais, .... 200 
Insects, .... 500 Corals, .... 100 

The following catalogue contains the number of species of 
reptiles and fishes collected at the islands and countries visit- 
ed: — 



Fishes, 


.829 


Reptiles, 


. 140 


Crustacea, 


. 900 


Insects, 


. 1500 



Madeira and Cape Verds, 
Rio Janeiro, . . . . 
Patagonia and Tierra del Fuego, 
Valparaiso, .... 

Peru, 

Paumotu Islands and Tahiti, 
Samoa (or Navigators')^ 



Fishes. 

12 

104 

14 

32 

87 
64 



Reptiles. 

6 
25 

5 

. 11 

10 

7 

8 



I 
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Fishes. 


Reptiles 


30 


18 


25 


6 


131 


, 15 


100 


4 


60 


. 15 


20 


2 


18 


8 


32 


1 


21 


9 


4 




9 





Australia^ 

New Zealand^ * 

ToDgatabu and Feejees, 

Sandwich Islands^ about 

Oregon^ about 

California^ 

Sooloo Sea, 

Manilla^ » 

Singapore^ 

Cape of Good Hope, 

Aai seal . • * 

Of the 600 new species of Crustacea, about 200 are oceanic 
species, of many of which, even the genera or families are un- 
known. The ocean swarms with minute Crustacea, and it is. 
seldom that a hand-net is thrown in good weather without 
bringing up some novelty. In some seas they are so nume- 
rous as to colour the ocean red over many square miles of Sur- 
face, as was observed off the South American coast, near Val- 
paraiso. These are the red or bloody waters that have been de- 
scribed. When thus numerous, these animals are often called 
whalers feed; and it is believed that they are actually the 
food of the " right whale." Each animal is not over a 12th 
of an inch long ; yet they swarm in such numbers as to afford 
subsistence to these monsters of the deep. The fibrous net- 
work of whalebone, in the roof of the whale's mouth, is fitted 
to strain out these animals from the water, which passes 
through, and is ejected by the spout-holes. Many minute dis- 
sections have been made of these and other Crustacea, and 
some interesting physiological facts brought to light. As the 
species are often transparent, nearly all the processes of life, 
even to the motion of every muscle and every particle that 
floats in the blood, are open to view. 

The Anatifa (a species of barnacle) has been traced through 
its metamorphoses, from the young state, when it resembles a 
Cypris, . and swims at large with distinct compound eyes, to 
the adult animal ; and its connection with Crustacea is placed 
beyond doubt. 

The collection of corals at the National Gallery is one of 
its principal attractions. The great beauty and variety of these 
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productions is not conceived of, even by those best acquainted 
with other collections in our country. These are the material 
that constitutes the immense reefs of the Pacific and East 
Indies, some of which exceed 1000 square miles in extent. 
More than three-fourths of all the islands of this great ocean 
have been built up through the labours of the coral animal. 
The formation of these islands, and the growth of the coral 
animal, the filling up and opening of harbours, and the risings 
of reefs, — all interesting subjects of discusidon, — ^received par- 
ticular attention ; and the number of coral islands visited, and 
reefs examined, have afforded unusual opportunities for these 
investigations. Coloured drawings have been made of a large 
number of coral animals, which will convey some idea of their 
singular beauty and richness of colours. Many of these ani- 
mals are wholly unknown to science, as this is a branch of 
zoology to which comparatively little attention has heretofore 
been paid, on account of the inaccessible regions in which they 
occur. 

The following is the number of zoological drawings made 
during the cruize, in the departments of science here enume- 
rated : — 



Reptiles, .... 

Fisli, 

MoUusca (shells with the animals), 
Zoophytes, exclusive of corals^ 
Corals, .... 

Crustacea^ .... 



75 species. 
2o0 .«• 
500 ... 
950 
140 
500 



« *. 



The variety and beauty of marine animals in the coral seas 
of the Pacific are beyond description. Like birds in our fo- 
rests, fish of brilliant colours sport among the coral groves, 
and various moUusca cover the bottom with living flowers. A 
new world of beings is here opened to an inhabitant of our 
cold climate ; and many of these productions are so unlike the 
ordinary forms of life, that it is difficult, without seeing them, 
to believe in their existence. Those that have looked over the 
beautiful coloured drawings by the artists of the expedition, 
are aware that this description falls short of the truth. 

A large number of new species yet remains to be drawn. 
While there were so many things requiring immediate atten- 
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tioQ, it was impossible to sketch all ; and those were selected 
for sketching on the spot, whose forms and colours were most 
liable to change. 

Ten thousand species of plants, and upwards of fifty thou- 
sand specimens, constitute the Herbarium of the expedition. 
The following catalogue gives the number of species collected 
at the several places visited : — 



Madeira, 




300 


Feejee Islands^ . 


. 786 


Cape Verds, 




60 


Cond Islands^ 


. 29 


JHiazil) 




980 


Sandwich Islands, 


. 883 


Rio Negro (Patagonia), 




150 


Oregon, 


. 1218 


Tena del Fuego, 




220 


California^ 


. 519 


Chili, 




442 


Manilla, 


. 381 


Pern, 




820 


Singapore, 


. 80 


Tahitij 




288 


Mindanao, 


. 102 


Samoa (Navigators' Islands), 


457 


Sooloo Islands^ . 


. 58 


New South Wales, 


• 


787 


Mangsi Islandsi 


. 80 


New Zealand, 


• 


398 


Cape of Good Hope> . 


. 300 


Auckland Islands, 


• 


50 


St Helena, 


. 20 


Tongataba^ 


• 


236 







9646 

Including the mosses, lichens, and sea-weeds, the number 
will exceed 10,000. Besides dried specimens, 204 living plants 
were brought home, and are now in the green-house in the 
yard of the Patent Office, along with many others raised from 
seeds. The kinds of seeds obtained amount to 1156. Many 
of the expedition plants are now growing in the various green- 
houses of the country, and also in England and other parts of 
Europe. Specimens of different woods have been preserved, 
the most interesting of which are those of large arborescent 
species of Oxalis, Viola, Repogonum, Piper, Geranium, Ar- 
gyroxiphium, Dracophyllum, Rubus, Bromelia, Lobelia, and 
Compositae of various kinds, besides sections of the Tree Ferns 
and Palms of the Tropics. There are coloured drawings of 
180 species of plants beautifully executed. 

Besides the observations at which we have glanced, in the 
departments of zoology and botany, particular attention was 
paid to the geographical distribution of plants and animals, 
and many important facts have been ascertained. The reports 
on this subject, with the accompanying illustrative maps, will 
be found to be among the most interesting of the results of 
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the expedition. This subject bears upon the distribution of 
fossil animals, and the early history of our globe, and is excit- 
ing much attention among those interested in geological inves- 
tigations. 

The regions examined by the expedition hare been highly 
interesting in a geological point of view. The islands of the 
Pacific east of New Caledonia are either basaltic or coralline. 
A large number of the latter (as already stated) have been 
examined, and much that is important has been brought to 
light. The facts strongly confirm Darwin's theory with re- 
gard to the formation of these islands, but lead to very diflfer- 
ent conclusions respecting the areas of subsidence and eleva- 
tion in the Pacific. Numerous facts bearing upon this subject 
were collected. The basaltic islands are of various ages, from 
the most recent volcanic to a very remote period, probably 
as far back as the middle of the secondary era. The older 
islands are remarkable for their singular topographical fea- 
tures. There is scarcely any part of the world where such 
profound gorges, and sharp and lofty peaks and ridges, are 
thrown together in a manner so remarkable. On one of the 
high ridges of Tahiti (Society group), about 6000 feet above 
the sea, the summit edge is so sharp, and the sides of the 
mountain so nearly vertical, that the adventurous traveller 
may sit astride of it, and look down a precipice of 1000 feet 
on either side. In no other way except by thus balancing and 
pushing himself along is it possible,, for about 30 feet, to ad- 
vance towards the summit before him — yet 1000 feet higher 
— ^for the bushes which are growing on the crest elsewhere 
and serve as a balustrade, are here wanting. The famous 
coral bed on the mountains of Tahiti, was looked for without 
success. 

The Sandwich Islands contain basaltic rocks of all ages, 
from the most recent volcanic to the most ancient in the Pa- 
cific, besides coral rocks and elevated reefs ; and they are fiill 
of interest, both as regards the structure and formation of 
igneous and limestone rocks, and geological dynamics. The 
lofty precipices and examples of shattered mountains before 
the eye, are astounding to those who see only the little steeps 
of a few hundred feet at most in the surface of our own 
country. There is evidence that the island of Oahu is the 
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shattered remnant of two lofty volcanic mountains. A preci- 
pice on this island, upwards of twenty miles long, and from 
1000 to 3000 feet high, is apparently a section of one of those 
Tolcanic mountains or domes, along which it was rent in two, 
when the greater part was tumbled off and submerged in the 
ocean. 

Oahu is fringed in part with a coral reef 25 feet out of 
water ; and similar proofs of still greater elevation are met 
with on the other islands* 

New Holland afforded the expedition a collection of coal 
plants from the coal region ; the coal is bituminous, and the 
beds are extensive. Large collections were also obtained of 
fossil shells and corals (about 180 species in all), from the 
sandstone next the coal. The geology of the coal region, and 
of the overlying sandstone, and the fossiliferous sandstone 
below, together with the trap dykes and beds, wiU prove highly 
interesting. These are the only rocks observed. 

About 100 species of fossils, including vertebrae of Cetacea, 
and remains of four species of fish, crabs, echini, and shells, 
were collected from a clayey sandstone, near Astoria, on the 
Ck)lmnbia. Various explorations were made in the intmor of 
Oregon, and on a jaunt overland to California. 

The Andes were ascended both in Chili and Peru, and in 
the latter an ammonite was obtained at a height of 16,000 
feet. 

The collections at the National gallery contain suites of 
specimens from all the regions visited, including gems, and 
gold and iron ores from Brazil, the copper and some of the 
silver ores of Peru and Chili, besides others illustrating the 
general geological structure of these eountries. 

But our remarks have already extended to an unexpected 
length. The facts enumerated, although but here and there 
one from the mass which have been collected, are sufficient to 
evince that the nation which has done honour to itself in send- 
ing out an exploring expedition so liberally organized, will 
have no reason to be disappointed in the results. European 
nations already appreciate it, and speak higher praise than 
has yet been heard on this side of the waters. The advan- 
tages accruing to commerce alone, from the large number of 
surveys made, reefs discovered and laid down, unknown har- 
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bours examined, resources of islands and countries investi- 
gated — and from the permanent footing on which intercourse'; 
with the Pacific islands has been placed by the settlement of 
long standing difficulties, and the ratification of treaties, and 
the impression produced by an aimed force, more than repay 
for expenditures. The expedition has performed the duties 
of an ordinary squadron in the Pac^c, and has accomplished 
in this way manyfold more in that ocean than any squadron 
that ever left our country ; and if the expenses of keeping the 
vessels in commission are cancelled on this score, the sum 
which remains for the extraordinary duties performed will be 
but small. 

But while we render to those whose labours have obtained 
the results of the expedition their full due credit, we cannot 
forget that there are others, and one in particular, whose zeal 
and untiring exertions in planning, and urging forward to its 
completion, this enterprise, deserve more than a passing ac- 
knowledgment. M. J. N. Reynolds was left behind, yet though 
unrewarded for his efforts by the pleasure of accompanying 
the expedition and adding to its laurels, his distinguished 
merits will not be forgotten or disregarded by his countrymen. 
— The American Journal of Science and Arts^ vol. xliv., No. 2, 
p. 393. 



On the occurrence of Fossil Human Bones of the prashisiorical 

World in South America. 

This notice is an extract* from a letter of Dr Lund of La- 
goa Santa, South America, who, for the last six years, has 
been engaged in examining the animal remains found in the 
chalk caves of the interior of K'azil, and is now publishing a 
work in the Danish language, which bears the title, Blik paa 
Brasiliens Dyreverdu, &c., or, " A glance at the animal crea- 
tion which inhabited Brazil immediately before the present 
geological epoch, and the now existing order of things." 

* The above extract was oommunicated to Professor Silliman, by the Rev. 
£. ^£. Salisbuiy, Professor of Oriental Languages in Yale GoUege, and inserted 
in the forty-fonrth volume of the American Journal of Science and the Arts. 



fif the prmhUtorital World in So$Uh Ameriea. 39 

Tke infiDrmation it contains is, indeed, nothing dedsive as 
to the existence of the human species, contemporaneoiiBly with 
liioBe great extinct animals whose remains are found fossilized 
in the earth's strata. But, as relating to the first instance of 
the discovery of human bones in a fossil state, it is of some in- 
terest. After mentioning that, up to the date of his letter, he 
had discoyered in 200 chalk caves of Brazil, 115 species of 
nMMnfnftlisi.j of which not morc than 88 are now known to exist 
there, the writer proceeds :— - 

*' In the midst of these numerous proofs of an order of 
things quite different from the present, I yet have never found 
the slightest trace of the existence of man. I supposed, there- 
fore, that this question was decided, that human bones no- 
where occur, when unexpectedly, after six years toil, I had the 
good fortune to find these bones ; and, indeed, under circum- 
stances which admit of speaking with some certainty in favour 
of their occurring again. These bones I fell upon in a cave, 
mingled with the bones of decidedly extinct animals, as, for 
example, of the Platyonyx BucJdandii^ CMamydotherium Hum- 
boldHi, C. Majus, Dasypus sulcatus^ Hydrochasrus sulcidensy 
^c, which directed my whole attention to these remarkable 
remains. Besides, they all bore the stamp of genuine fossil 
bones, inasmuch as they were partly converted to stone, and 
partly impregnated with small particles of the oxide of iron, 
which not only gave them an extraordinary weight, but even 
to some of them a metallic glistening. As to the great age of 
these bones no doubt, can exist ; but whether they date from 
the times of those animals, with the bones of which they were 
found lying together, in company, is a question which does not 
admit of being determined with equal certainty, since the cave 
is on the edge of a lake, by which the waters are yearly driven 
into it in the rainy season. Not only, therefore, might animal 
remains by degrees come there, but those brought there by the 
flowing of the water at later periods might also mingle with 
the earlier. This supposition has, in fact, received confirma- 
tion, in that, among the bones of extinct animals, there are 
also those of races still living. The condition of the latter, 
too, of which some appear to differ little firom fresh bones, 
leads to this view, while others have reached the half metallic 



40 On the Occurrence of Fossil HunMn Bones 

^tate spoken of, and between the two sorts a third and more 
numerous variety is distinguishable, which has reached a mid- 
dle state in decomposition. A similar difference was observed 
also in the human bones, by which their varying gradations, 
of age are clearly manifested. Yet all are so altered, as well in 
their constituent parts as in the joining, that one cannot deny 
them a high antiquity ; and even should they not have come 
there contemporaneously with the bones of extinct animal races, 
still they have a sufficient interest in this respect. From the 
investigations of European students of nature, it results, that 
no land animal, of which the bones appear in a truly fossil state, 
has lived within our historical period, and that they, conse- 
quently, mount up over 3000 years. If this conclusion is ap- 
plied also to the human bones existing in a like state, they too 
are of a like antiquity. Since, however, the process of f ossilization 
is as yet little known, especially if the time necessary to this 
transformation comes into question ; and, if it is true that this 
time varies according to circumstances, we can attain only to 
a very indefinite approximation. Be it nevertheless as it may, 
in any case these bones must have a high antiquity, not only 
far outreaching the discovery of America, but even surpassing 
all historical documents of our race, since up to this time no 
fossilized human bones have been before met with. But hence 
it results, that Brazil was peopled at a very remote period, and 
probably before our historical era ; and the inquiries which 
therefore urge themselves upon us are these : Who were these 
oldest inhabitants 1 from what race were they descended ? 
and what was their manner of life, and their natural quality 
of mind. Happily, these questions may be easily solved. 
Being in possession of several more or less perfect skulls, I was 
able to define the position which they have occupied in the 
anthropological system ; and, in fact, the narrow head, the 
prominent cheek-bones, the angle of the face, the formation 
of the jaw and of the cavities of the eyes, shew that those 
skulls belong to the American race. The Mongolian tribes 
come, as is well known, the nearest to it, and the most striking 
difference between the two is the greater flattening of the 
head in the former species. In this point the discovered skulls 
not only accord with those of the American tribes, but some 
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of them are to snch a degree pressed in, that the forehead 
almost entirely disappears. It is known, that the human 
figures which were sculptured upon the ancient Mexican monu- 
ments are of a wholly peculiar conformation, and that the 
eranium, retreating backwards, was made to disappear imme- 
diately aboye the eyes. This anomaly, which in general is 
ascribed either to an artificial disfiguring of the head, or to the 
taste of the artists, thus receives a natural explanation, since 
it is proved that a race of men lived in these regions which 
possessed this conformation of the head.* The skeletons found 
belonged to both sexes, and were of ordinary size, though two 
male skeletons shewed a larger size. After these brief obser- 
vations on the corporeal constitution of the primitive inhabi- 
tants of Brazil, we will also take into consideration their pro- 
bable mental condition, and the degree of their cultivation. 
Since now it is proved that the development of the mental 
powers stands in direct relation to that of the brain, it follows, 
from the formation of the skulls found, that the intellectual 
life of their possessors must have played a very inferior part, 
and that their progress in arts and crafts must have been in 
the highest degree meagre. This inference is confirmed by the 
discovery of an utensil of the most imperfect make, which lay 
buried alongside of the skeletons. It was a semi-spherical horn- 
stone of ten inches in circumference, which was worn smooth 
on the flat side, and evidently must have served to bruise seeds 
and other hard substances. As it cannot be my object, on this 
occasion, to make a thorough exposition of the present sub- 
ject, a labour which I give over to abler hands, I have merely 
to observe farther, that I have found human fossil bones in 
two other caves also, which were almost without any gelati- 
nous part, and therefore easily friable, and shewed a white frac- 
ture. Unfortunately, however, they did not occur with other 
animal bones, so that the question of chief importance, in re- 
spect to the longer existence of the human race on this earth, 
remains still undecided." 

* It is stiU probable, however, that this configuration of cranium was the re- 
sult of artificial causes. (Professor SilUman.) 
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Report on M. Alcids (tOrbigny^s Memoir^ enHtled General. 
Considerations on the Geology of South America. By M. 
Elie db Beaumont. 

Begarded as a whole, the portion of the American Conti<- 
nent situated to the south of the equator, exhibits a great 
variety of orographical configuration. On the east we have 
an immense group of low mountains, forming a mass whose 
branches extend from some degrees south of the Line as far as 
the mouth of La Plata ; while on the west, we have the Cor- 
dillera, whose elevated summits commence near the Straits 
of Magellan, and extend into Columbia, forming a ridge which 
follows different directions, and from which rise the highest 
peaks of the New World. Between these two great systems, 
commencing from the south of Patagonia, a nearly level plain 
skirts the Cordillera, occupies the intervening space comprised 
between that important chain and the mountain mass of Brazil, 
passes from the basin of the Plata into that of the Amazon, 
afterwards expands to the east, and embraces to a long dis- 
tance the two banks of that vast river. 

Gneiss Formation. — In South America, as over the surface 
of the whole globe, the rocks which constitute the first forma- 
tions of the series of stratified rocks are crystalline ; they are 
chiefly gneiss. These rocks are especially developed in the 
eastern part of the Continent, where the modern geological 
products are less prevalent than in the western. All geolo- 
gists who have visited Rio Janeiro have pointed out the gneiss 
formation. Messrs Clausen and Pissis have ascertained its 
existence over the greater part of the surface comprised be- 
tween the course of the Rio San-Francisco and the sea, from 
the 16th to the 27th degree of southern latitude. M. d'Orbigny 
has found it again at Maldonado, at Monte- Video, and in the 
Banda Orientals* M. Parchappe recognised it in the chain 
of the Tandil. M. d'Orbigny discovered an immense belt of 
the same rock, occupying a mean breadth of half a degree, 
having a length of upwards of 340 English miles, and tra- 
versing the whole province of Chiquitos. 

The old rocks are almost every where composed of the 
same elements ; and these are, at Rio-Janeiro and in the pro- 
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Tince of Chiquitos, porphyritic or granitoidal gneisses, which 
are superimposed on granite, and form the support of fine 
grained gneisses, or of mica-slates containing garnets and 
gnenatites; at Monte- Video, and at MaJdonado, there are 
blackish and finely laminated gneisses ; and at Tandil, ac-» 
cording to the determination of M. Cordier, there are tabular 
yarieties of petrosilex. 

In Brazil, and in the east of the province of Chiquitos, the 
gneiss everywhere supports transition clay-slates. But when 
the latter are awanting, the gneiss is succeeded by formations 
of a much more modern date ; for at Conception, at San 
Ignacio, and at Santa Anna de Chiquitos, portions of the 
Patagonian territory formation repose on the gneiss. M. Pissio 
has pointed out tertiary deposits, resembling the molasse of 
Europe, reposing on the gneiss of the environs of Bahia. At 
Monte-Video, and in the Pampas, the gneiss is surrounded by 
the Pampian tertiary formation ; and, lastly, at Chiquitos, it 
is covered by the recent alluvia. 

Silurian System, — The most ancient beds which M. d'Or- 
bigny has found superimposed on the rocks of a decidedly 
crystalline character in South America, present, wherever he 
has seen them, a very uniform composition. They are, in 
their lower portions, coarse clay-slates {des phyUades schis- 
toides)t having a blue colour, and often containing chiastolite ; 
and they pass in their middle portions into fine grained clay- 
slates (des phyUades satinis), having a rose colour. These 
two series of beds, which are the most developed, possessing 
firequently a thickness of several hundred yards, do not con- 
tain any traces of organized beings. Above these there are 
sandstone flags (des phyllades grisiformes)^ or very micaceous 
daty sandstones (jjr^s phylladifires trls micaeis), whose thick- 
ness is upwards of 160 feet. 

In these last mentioned beds, M. d'Orbigny has collected 
fossils, which, however, are rare, and which belong to the 
g^dera Cruzianaf Orthis^ Linyula, Calymene, AsaphuSy and 
Graptolithus, Of ten species of these genera, eight are ex- 
tremely analogous to the species of the silurian strata of 
Europe, and three^ viz., Calymene macrophthalma, Cruziana 
ruyosa, and Graptolithus dentatus, are even identical with 
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them. We may say, therefore, that these fossils, as a whole^ 
have the same aspect, the saxnefacies, as those of the Silurian 
formations of Europe. Here is an identical zoological phy- 
siognomy transported thousands of leagues. The rocks also 
present mineralogically many analogies to those of the Silu- 
rian formations of Europe. This double relation, conjoined 
with the position these formations occupy below all the other 
fossiliferous deposits of South America, has naturally led M. 
d*Orbigny to refer them to the Silurian system, as established 
by Mr Murchison ; and it is probable that they are at least 
very nearly connected with it. 

These Silurian formations of South America occupy spaces 
of considerable magnitude, and occur at points very re- 
mote from one another. They present themselves along 
nearly the whole eastern border of the Bolivian plateau, 
forming a band which follows the Andes, properly so called, 
or the eastern Cordillera, and is ^parallel to the granitic rocks, 
&om Sorata to Illimani, a distance of more than 300 English 
miles. To the east of the eastern Cordillera they are still 
more developed, and form a band of nearly 40 miles in 
breadth, and upwards of 600 miles in length, included between 
the plains of Santa Cruz de la Sierra on the east, and the 72d 
degree on the west. They thus form an immense band on 
the east, as well as on the west of the eastern chain, and 
which runs from N.W. to S.E., but is much more developed 
to the east than to the west of the chain. In the region in- 
cluded between the Andes and Brazil, we again find the Silu- 
rian series in the south of the province of Chiquitos, near Ta- 
pera, near San-Juan, to the north of the Sierra of Santiago, 
and to the south of that of Sunsas. They there constitute a 
band running from E.S,E. to W.N.W., and having a length of 
upwards of 150 miles. There, as in the Andes, they present, 
at their lower portion, a blue coarse slate, supporting fine 
rose-coloured clay-slates, on which repose yellowish slates. 
M. d'Orbigny was, however, unable to find any trace of or- 
ganized bodies in these beds, of which the first has a thick- 
ness of at least 600 feet, while the others are not more than 
50 or 60 feet thick. 

In Bolivia, the Silurian strata possess an interest of a very 
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direct kind, inasmuch as they contain the richest of the Boli- 
yian gold mines, and also some mines of silver. Wherever 
gold is met with in situ, it occurs in veins of milky quartz, 
which traverse the lower beds, viz. the coarse clay-slates. It 
is in such a geological position, that the ore is mined on the 
slopes of lUimani, at Oruro, at Potosi, &c. If we consider 
that all the localities where gold is obtained by washing, are 
situated in valleys where the clay-slates have been much dis- 
located and denuded, as, for example, at the Rio de la Paz, at 
Tipoani, at the Rio de Suri, at the Rio de Choquecamata, &c., 
we must naturally conclude that the ore is derived from the 
same slates. 

Devonian System. — ^Wherever M. d'Orbigny observed the 
Silurian series, it was succeeded by an enormous mass of 
hard quartzose sandstones or quartzites, which, from their 
position and fossils, he regards as the representative of the De- 
vonian formation, or the old red sandstone. This extensively 
distributed system is composed of whitish or yellowish com- 
pact quartzose sandstones, without traces of fossils, passing, 
in their lower portions, into blackish or ferruginous, very mica- 
ceous, slaty sandstones, and only then containing the remains 
of organized bodies, sometimes in large beds, at other times 
disseminated through the strata of rock. These rocks are 
ahnost always superimposed on the Silurian series, and most 
frequently in a conformable manner. They are succeeded, 
but unconformably, by carboniferous strata, which are charac- 
terized, in a particular manner, by the fossils they contain. 

This great quartzose deposit presents itself over as large 
spaces as the Silurian system, which it everywhere accompa- 
nies ; and it is distributed in the same way. On each side of 
the band of Silurian rocks of the eastern chain of the Andes, 
it forms, for about 450 miles, another great parallel band, in- 
dependently of the detached portions scattered through the 
interior of the Silurian band. There is also a great develop- 
ment of these quartzose sandstones on the Silurian formation 
of the eastern part of the province of Chiquitos. 

Apart from his own personal observations, M. d'Orbigny 
has learned that these same quartzose formations abound in 
Brazil, in the chain of Parecys, in that of Diamantino, to the 
west of Motogrosso, and in those chains which are to the east 
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of Cuyaba, mountains which follow the same direction as those 
of Chiquitos, and which, according to M. d'Orbigny, belongs 
to the same system. Perhaps, he adds, the same rocks are to 
be found more to the east, in the province of Minas-Geraes, 
a supposition which seems to be confirmed by the meritorious 
labours* of M. Pissio, which were lately laid before the Aca- 
demy of Sciences. 

MM. Humboldt and Eschwege have, for a long time, 
fixed the attention of observers on the rocks of stratified 
quartz which occupy vast areas in South America, to the 
south of the Equator, in Peru as well as in Brazil.* These 
stratified quartzes were divided among various primitive and 
secondary formations ; perhaps a judicious application of the 
principle of metamorphism, such as was lately suggested by the 
memoir of M. Pissio,f may enable us to include all under one 
and the same formation, the Devonian formation of M. d'Or- 
bigny. The exact determination of the age of the quartzose 
sandstones of Bolivia is thus an important question for the 
geology of South America, and even, we may say, of the 
greater part of the Southern Hemisphere, if, as we may pre- 
sume, the quartzose sandstones of Table Mountaiui near the 
Cape of Good Hope, belong to the same formation. 

In the Devonian formation of the province of Chiquitos, M. 
d'Orbigny did not observe a single trace of fossils ; whereas 
he observed fossils several times in the lower parts of the 
sandstones of the same system in Bolivia, especially at Acha- 
cach4 near the lake of Titicaca, in the environs of Cocha- 
bamba, near Totora, and at Challuani, in the province of 
Mizque, in the provinces of Tocopaya and Yamparaes, in the 
department of Chuquisaca. These fossils, which belong to 
the genera Spirifer, Orthisy and Terehrattda, are always in 
the state of impressions, and occur in widely extending but 
very thin layers, between the laminae of the rocks. Of seven 
species of these different genera which M. d'Orbigny brought 
from Bolivia, four have the greatest resemblance to fossils 
of the Devonian system of Europe. Some of the others ap- 

* Humboldt, Essai g6ognostique sur le gisement des roches dans lee deux 
hemispheres, p. 91^ 96. 

t Comptes Bendus, vol, xvii., p. 34. Meeting of 3d July 1843. 
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proach fossils, which> in Europe^ oceur in the Silurian rocks^ 
Eyerything, then, leads us to refer this great quartzose depo- 
sit to the palaeozoic formations* Its connection with the slate 
formation which it covers, does not allow of its being removed 
far from it ; and as the union of these slates with the Silu- 
rian system seems to us reasonable, the reference of the great 
quartzose deposit to the Devonian system or old red sand- 
stone, appears to us the most judicious that can be made in 
the present state of our knowledge. 

Carboniferous System. — The system of Devonian quartzose 
sandstones is succeeded in Bolivia, and in some other parts of 
South America, by another series of beds which M. d'Orbigny 
refers to the carboniferous system. This new series of beds 
coBsisis in its lower part of compact grey limestone contain- 
ing siliceous nodules, analogous to the carboniferous limestone 
of English authors, and perfectly similar to that of Vis6 near 
Liige, and to the limestones of many parts of the British 
Islands. This limestone has been more particularly noticed 
in the islands of Quebaya (Lake of Titicaca.) At other points 
(at Yarbichambi), the lower parts of the same system pre- 
sent compact, yellow, or rose-coloured calcareous sandstones. 
These beds contain numerous fossils* In the islands of Quebaya, 
and at Yarbichambi, they are succeeded in conformable stra- 
tification by red non-argillaceous quartzose sandstones, which 
are friable and destitute of fossils. It is from observations 
made on these two points that M. d'Orbigny has concluded, 
that he may refer to the carboniferous series all the friable 
rose-coloured argillaceous sandstones which repose on the 
Devonian system, and which are inferior to the presumed 
Triassic variegated clays. 

The system of beds, of which we have just indicated the 
composition, presents itself at a great number of points, and 
is distributed throughout nearly the whole breadth of the 
American continent. The Morro of Arica, washed by the 
waves of the Pacific Ocean, is composed, at its base, of a 
limestone, which seems to belong to the carboniferous epoch, 
judging from the impressions of a productus contained in one 
of ^e specimens collected by M. d'Orbigny, and from nume- 
rous organic remains observed by him at the locality. This 
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limestone occupies but a very limited space, and the first 
points, advancing to the east, where the carboniferous forma- 
tion acquires any development, are on the great Bolivian 
plateau. M. d'Orbigny there observed several chains of it, 
such as the Apocheta de la Paz, the hills of Aja, and of 
Aygachi de las Penas, all the islands of Quebaya and of Pe- 
riti in the lake of Titicaca, and more to the south the hills of 
Guallamarca and of Pucara, and some other patches. In 
general, the carboniferous strata are distributed chiefly to 
the east and to the west of the great Bolivian system, where 
they attain, especially to the east, an elevation of more than 
13,000 feet. The carboniferous formation likewise forms, in 
the Chiquitian system, summits whose height is sometimes 
nearly 5000 feet, both in several chains of that system in the 
east and north of the province, and also more to the east in 
the province of Minas-Geraes. 

The different beds united by M. d'Orbigny under the de- 
nomination of the carboniferous system are nevertheless divided, 
as I have already said, into two distinct series, the one con- 
sisting chiefly of limestones, and the other of sandstones ; the 
first being the lower and fossiliferous, the last the upper and 
without fossils ; and these two series, which occur united on 
the great Bolivian plateau, are elsewhere separated, for M. 
d'Orbigny found only the upper reddish sandstones, and never 
the limestones, to the east of the plateau, and on the Ghiqui* 
tian system. There is therefore an important difference in posi- 
tion between these two series of beds. This difference might 
induce us to doubt whether the upper series is really to be 
regarded as belonging to the carboniferous system, and might 
lead us to refer it with as much probability to some one of 
the systems which succeed the carboniferous group in Europe, 
for example, to the red sandstone. The lower series is in fact 
the only one which can with great probability be referred to 
the carboniferous system. It is indeed only in the limestones, 
and in the calcareous sandstones of the inferior series, that 
M. d'Orbigny has found fossil organic bodies. He met with 
them at Yarbichambi, and in the islands of Quebaya and 
Periti, in the lake of Titicaca. The shells are in an excel- 
lent state of preservation, and retain all the necessary zoolo- 
gical characters. 
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These fossils belong to the genera Solarium or Euomphalus, 
Heurotomaria^ Ndtica, Pecten^ Trigonia^ Terebratula, Spirifer^ 
Chihis^ Leptaena, Productus^ Turbinolia, Ceriopora^ and Reto- 
pora. Of twenty-six species collected by M. d'Orbigny, twelve, 
or nearly the half, have the greatest analogy with the fossils 
of the carboniferous series of Europe, and of these, three, yiz.» 
Spirifer Pentlandi, Spirifer Boiss^i, and Producius ViHiersi, 
are quite identical with the same species from Belgium and 
Russia. We have the same genera ; also species having a 
cofxnxion/acieSj and three of them quite identical. The whole 
fades of the fossils is so analogous, that at first sight we might 
imagine that we were looking at the usual species met with 
in the carboniferous rocks of Europe. 

Among the fossils which do not belong to the carboniferous 
series of Europe we must remark a Trigonia (Trigonia anii- 
gua\ a genus which has not hitherto been noticed below the 
Jurassic formations. This curious discovery shews that M. 
d'Orbigny has understood how to ascertain, not only the re* 
semblances of the American formations to ours, but also the 
differences between them,— differences which might well be 
expected at a distance 6000 miles, and which it is only sur- 
prising have not been found to be more considerable. 

After the Silurian and Devonian periods, the American 
seas thus supported a different fauna from that of the two first 
epochs, and one completely analogous in character to that 
which lived during the carboniferous period in the seas of 
Europe. This analogy does not now exist between the faunas 
of the seas of Europe and of South America ; and, as M. 
d'Orbigny remarks, it indicates, in the ancient geological pe< 
nods, an imiformity of climate no longer observable. These 
inferences have so much the more weight, from being in this 
case supported on a triple basis. We have already spoken of 
the fossils which have induced M. d'Orbigny to refer the sys* 
tem of clay-slates of ^he Bolivian mountains to the Silurian 
system of Mr Murchison, and the system of quartzose sand- 
stones to the Devonian system. Here, then, we have in South 
America, three members of the great palaeozoic system, suc- 
ceeding one another in the same order as the members of the 
same system in Europe, with which they have respectively the 
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greatest analogy, Now, although we may retain some doubts 
as to the exactitude of the identification of these differeni; 
formations considered individually, it seems difficult to avoid 
regarding it as certain that the palaeozoic system of South. 
America corresponds as a whole with that of Europe, and that 
it is subdivided in an analogous manner. This great fact, 
which has been completely demonstrated by M. d'Orbigny, 
appears to us to be one of the most important with which 
geology has been enriched of late years. 

Triassic System. — Succeeding the palaeozoic formations, 
and immediately above the carboniferous sandstones of M. 
d'Orbigny, there is in South America a system of beds which 
he refers to the Trias of Europe, and which Mr Pentland* 
likewise considers as its representative. This identification 
we regard as indicated with plausibility by the observations 
made, but still not so rigorously established as that of the pa- 
laeozoic system. 

The presumed triassic deposits of Bolivia are composed of 
an alternation of magnesian limestones, of variegated clays, 
and of friable argillaceous sandstones. The lowest beds con* 
sist of a magnesian compact limestone, which is frequently 
divided into very thin waved laminae. M. d'Orbigny has seen 
this member of the formation, having but a small thickness, 
near Laguillos, and in the valley of Mirafior. Above these 
limestones there lie, at the same localities, laminated rose- 
coloured or variegated clays, which often abound in crystals 
of gypsum. Above the clays, in the valley of Mirafior, there 
are compact magnesian limestones, in which M. d'Orbigny 
discovered numerous fossils, but unfortunately he is unable to 
particularize more than one species, the others having been 
lost. This species, the Chemnitzia potonensis, belongs to a 
new genus of turreted shells, which approaches the Melanias. 

The rocks mentioned above are very analogous to those 
which constitute the trias group in Europe. The limestones 
of the Muschelkalk, in the north-east of France, and in the 
department of the Var, as well as the yres bigarres of the 



* It is much to be regretted that Mr Pentland has not yet published the 
-valuable results' of his extensive scientific investigations in South America — - 
Edit. 



OretaceotM Period, 51 

same districts, have recalled to M. d'Orbigny the aspect of 
the rocks of Bolivia, which he compares with them. The 
American formations, whose nature and position thus lead us 
to refer them, at least provisionally, to the Trias, but whose 
paieontological characters are still almost unknown, seem re- 
duced to occupy, at the present day, and that in the form of 
large detached portions, the two slopes of the eastern Cordil- 
lera of the Bolivian system, and they there attain, at their 
highest elevation, a height of 4000 yards above the level of the 
sea. They are probably the remains of a great whole which 
covered the surface before the occurrence of the geological 
catastrophes that impressed the present forms on its exter- 
nal physiognomy. 

Absence of the Jurassic System. — One of the most remark- 
able circumstances in American Geology is the absence of the 
Jurassic formations, a fact announced a long while ago by Von 
Buch. M. d'Orbigny did not find a single fossil which seems 
to belong to that period. The only exception to the general 
rule hitherto brought forward is, that M. d'Orbigny saw some 
Jurassic Terebratulae among the fossils collected by M. Do- 
meyko from a limestone in Chili. 

Cretaceous Period. — The deposits of the cretaceous period 
seem, on the contrary, to have been very much developed on 
the American continent, as is proved by the collections of fos* 
sils made by Von Humboldt, Boussingault, Degenhardt, and 
by the geologists of Dumont d'UrAille's last voyage, Doctors 
Hombron^and Le Guillou. They occur from Columbia to 
Tierra del Fuego, or over the whole length of South America, 
whilst nevertheless they are interrupted in the middle. At 
that epoch there lived in America as in Europe, particular 
forms of Ammonite and Ancyloceras, &c. ; and independently 
of the general resemblance of the forms, there were in Co- 
lumbia and in the Parisian basin enough of identical species 
to induce us to suppose, that there was a direct communication 
between the European and the Columbian portions of the 
Cretaceous sea. It is well known that this sea formed in 
France two great distinct basins, the Parisian and the Medi- 
terranean. It appears that this same sea covered with its 
waters not only a considerable portion of Columbia, but gene- 
rally a large part of the regions situated on the north, the 
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west, and the south of the continent which then existed in 
those latitudes. The identity of the fossils of the chalk for- 
mation with those of the same formation in Europe, is not so 
great as regards the south of the American continent as it is 
in respect to the north, a circumstance which of course indi- 
cates a less direct communication. Perhaps we may infer the 
existence of some long piece of land, which continued as far 
as America the separation existing in Europe between the 
Parisian basin and the basin of the Mediterranean. 

Tertiary System, — ^Another geological fact, and it is one of 
the most remarkable, is the immense extent of the Tertiary 
system in South America. When we compare it with the 
small basins disseminated throughout Europe, we are led to 
believe, along with M. d'Orbigny, that the smallness of the 
latter is an exception. The tertiary basin of the Pampas ter- 
minates and sinks under the Atlantic ocean, from the mouth 
of La Plata to the Straits of Magellan. Proceeding to the 
north from this last point, its limits, more or less remote 
from the Cordilleras, are still uncertain ; but every thing 
leads us to believe, that the deposit of this epoch occupies the 
plains to the very base of the lateral chains. Advancing still 
farther to the north, the tertiary basin of the Pampas extends 
to the foot of the primitive hills of the province of Chiquitos ; 
and it even appears that it is prolonged on all sides without 
interruption through these hills, into the great basin of the 
Amazon. Regarding only the portion situated to the south of 
the primitive hills of Chiquitos, the tertiary basin of the Pam- 
pas extends in the direction of the meridian, from the 17th 
to the 52d degree of south latitude, over a distance of up- 
wards of 2400 miles. Its greatest breadth Is about 800 miles. 

Throughout this vast extent, and even at the foot of the 
northern declivity of the hills of Chiquitos, M. d'Orbigny has 
distinguished, in the American tertiary deposit, three different 
series, belonging to three successive epochs, viz. 1. The Tower 
beds, destitute of organic remains, which he designates by the 
name of the Gtiaranian Tertiary Formation; 2. A middle 
portion, evidently marine, containing shells belonging to ex- 
tinct species, and which he calls the Patagonian Tertiary For- 
mation: and, 3. An upper portion, containing only skeletons 
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of mammifera, which he terms the Pampean Loam (Liman 
Fampien). The last is only covered by the deposits of the 
present period. 

The Guaranian Tertiary formation is generally composed of 
three conformable beds. The first consists of ferruginoas 
sandstone, often abounding in nodules of red oxide or hydrate 
of iron, and in very beautiful agates (sardoines) of various 
colours, whose angles are much rounded. It has a thickness 
of upwards of 300 feet, where it is most fully developed. The 
second bed, termed by M. d'Orbigny Calcaire d/er hydrate, 
is a greyish-white argillaceous limestone, filled with harder 
nodules, which are often very compact, with pebbles of 
quartz, and with rounded grains of hydrate of iron. Its 
greatest thickness is about 13 feet. The third bed constitutes 
the upper part of the Guaranian formation, and is composed 
of grey gypseous clay, filled with hard nodules. It is of the 
same nature as the preceding bed, but contains no hydrate of 
iron, that substance being replaced by a large number of no- 
dules of gypsum disseminated in beds through the clay. Its 
greatest thickness is about 13 feet. M. d'Orbigny found no fos- 
sils in any of these three beds. All of them occur with great 
uniformity in the province of Corientes ; and are not absolutely 
horizontal, but, on the contrary, exhibit undulations and other 
variations. The upper gypseous clays retain the water, and 
thus there are produced, at the surface, immense marshes and 
numerous small lakes, which give rise to one of the most re- 
markable features of the topography of the country. Beyond 
the great basin of the Pampas, M. d'Orbigny found the Gua- 
ranian Tertiary Formation in the provinces of Chiquitos and 
Moxos, and even between the 12th and 13th degrees of south- 
ern latitude, near San Ramon and San Joaquin, and at the 
fort of Beira. The points where it is apparent in the pro- 
vmce of Moxos seem to form part of a horizontal deposit, an 
arrangement which leads to the belief that the Guaranian 
formation levelled the inequalities of the surface before the 
deposition of the Pampean formation which reposes on it. 

The second system of tertiary beds, termed by M. d'Orbigny 
the Patayonian Tertiary Formation^ occupies a much greater 
extent than the Guaranian tertiary formation. M. d'Orbigny 
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refers, indeed, to this deposit, the whole tertiary beds of Pata- 
goniai which are marine, but also contain some terrestrial or 
fluviatile organic remains, transported probably by rivers. 
He also includes under it the marine deposits of the province 
of Entre-Rios ; and, in comparing these with the deposits of 
Patagonia, he finds that the two groups are divisible into the 
following series : — 1. A lower portion, composed of marine 
sandstones, containing extinct species of moUusca. 2. A little 
higher up, there are in both groups sandstones, in which bones 
of mammiferse and pieces of fossil wood are met with. 3. To 
this succeed, in the north, alternations of sandstone and clay 
abounding in gypsum, and, in the south, blue sandstones. 
4. The upper portion, in the north as well as the south, con- 
sists of an alternation of limestones and sandstones containing 
the Ostrea Patagonica ; and, reposing on them, marine con- 
glomerates, including in both groups, and thus at a distance of 
upwards of 600 miles, three identical species of fossils which 
prove their contemporaneity. There is thus every where an 
analogy, not only in relative thickness and composition, but 
also in organic remains ; and this similitude has determined 
M. d'Orbigny to regard the whole as belonging to one and the 
same epoch. 

M. d'Orbigny made many curious observations on the Pata- 
gonian tertiary formation ; but of these we shall only cite a 
few. At Ensenada de Ros, to the south of the Rio Negro in 
Patagonia, one of the beds of sandstone presented a great num- 
ber of bones, which, however, the hardness of the rock fre- 
quently prevented him from obtaining. Among other remains 
he discovered bones of the Megamys Patagonenm^ an animal 
four times larger than any living species of the order Rodentia. 
These consisted of a tibia with its rotula, whose relative posi- 
tion with regard to each other was such, as to shew that they 
must have been deposited while their ligaments still caused 
them to adhere together. They were found under a mass of 
marine sandstones, containing shells and beds of oysters, more 
than 650 feet thick. These oysters all belong to one species, 
of which the beds occupy a very well-marked region in the 
province of Entre-Rios, as well as along the whole coast of 
Patagonia. It is evident that these shells lived together in 
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numbers, and have not suffered any derangement, for they are 
every where met with in their natural position, and with their 
two valves united. Judging from analogy, we may believe, 
M. d^Orbigny remarks, that the basin in which they lived had 
bat little depth, and that the water did not rise more than 
about thirty feet above these beds of oysters. The oysters, 
like all the other shells met with in the tertiary beds of the 
Pampas and of Patagonia, appear to M. d'Orbigny to be differ- 
ent from those occurring at the present day in the same re- 
gions. He thinks, indeed, that not one of these fossil species 
is now to be met with alive. The bones of mammifera belong 
likewise to extinct species, and even to extinct genera. 

The coasts of Chili are fringed, like those of Patagonia, by 
a tertiary deposit that M. d'Orbigny did not himself exa- 
mine, but which the notes and the collections placed at his 
disposal by several travellers have enabled him to describe, 
and of which he has determined and figured the fossil shells. 
The fossil species of the tertiary beds of Chili (those from the 
perfectly modern deposits excepted) no longer occur in a 
living state on the same coasts. In this respect the ter- 
tiary formation of Chili corresponds with the Patagonian ter- 
tiary form.ation ; but it is a very curious fact, that, notwith- 
standing this similitude, which would seem to refer them to 
nearly the same geological period, these two formations, al- 
though situated in the same latitude, do not contain fossils 
common to both. Not only is there not a single identical 
species, but even the series of genera is altogether distinct, — 
a fact which appears to indicate, that, notwithstanding their 
geographical approximation, these two formations have been 
deposited in different seas. 

After having compared, in a paleontological point of view, 
the tertiary formations of the two sides of South America, 
M. d'Orbigny compares them in the same manner with those 
of Europe, in order to endeavour to assign them an age in 
the long series of tertiary periods. The result of this inves- 
tigation is to establish that the following conditions apply 
equally to the tertiary formations of the Parisian basin, and to 
the tertiary formations of the two slopes of the Cordilleras. 
1. None of the fossil species are met with in a living state on 
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the neighbouring coasts ; 2. None of the species have identica. 
analogues even in remote seas (M. d'Orbigny applies this coimt 
elusion to the basin of Paris itself, refusing to admit, along 
with the greater number of paleontologists, that some of the 
numerous fossils of that basin have living analogues) ; 3. Th^ 
genera, when they occur in the neighbouring seas, are novi^ 
in regions which are warmer and nearer the equator ; 4. A. 
great number of the genera met with in a fossil state are novir 
awanting in the neighbouring seas, and sometimes have even 
ceased to exist. These different circumstances lead M. d'Or- 
bigny to conclude, that the Patagonian and Chilian tertiary- 
formations both belong to the most ancient tertiary period, 
whence it would result that they are contemporaneous, or 
nearly so. This last distinction is important, for if it were 
proved that the contemporaneity of the two formations must 
have been absolute, it would likewise be necessary to conclude 
with M. d'Orbigny, that during the period of the deposition 
of these formations, the two seas where they were formed, 
must have been separated in the same degree as they now 
are, viz. those which wash the east and west coasts of Ame- 
rica, and which, according to M. d'Orbigny, do not contain 
analogous sheik any more than the tertiary formations do. If, 
on the contrary, as may be maintained, the facts observed in- 
dicate only an approximative contemporaneity, the conclusion 
relative to the existence of a continuous chain of mountains 
between these two seas, still leaves room for desiring farther 
information. 

The third of the great divisions which M. d'Orbigny dis- 
tinguishes in the tertiary formations of South America, the 
Pampean formation, differs essentially from the two series of 
tertiary beds on which it reposes, in the simplicity of its com- 
position, and, so to speak, in the unity of its mass. It is a 
great bed of reddish argillaceous earth, generally containing 
layers of pale brown calcareous concretions. These concre- 
tions are hard where they are most compact, and are traversed, 
as Mr Darwin has already observed, by small linear cavities, 
which contribute to give them the characteristic aspect of 
fresh water limestone.* They sometimes become so numerous 

, — ■ — _______ — ___ — ■ ■ ■ ■ . ■ I » — . 

♦ Darwin, Zoology of the Voyage of the Beagle ; Introduction, p. 4. 
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that they unite in such a way as to form continuous layers, or 
even to constitute the whole mass. The Pampean formation 
exhibits no distinct stratification; no division into different 
beds can be remarked ; it is in fact only one single bed. It 
is true there are in certain places portions more or less hard, 
more or less arenaceous ; but these portions, far from being 
limited by horizontal lines, as we always see in beds tranquilly 
deposited from water, form a mass in which indistinct zones 
only can be distinguished, zones which cannot be followed for 
any distance in any of the natural sections of tiie falaises. 

The earthy mass of the Pampean formation, with its calca- 
reous nodules, reminds us of the loss of the banks of the Rhine, 
the limon of the plateaus of Picardy, and the analogous depo- 
sits observable at some points in the environs of Paris, It is 
one of the best characterized and best developed examples of 
those unstratified sedimentary deposits which geologists, fol- 
lowing the example of M. d'Omalius d'Halloy, now term 
Limon,* It is in this sense that M. d'Orbigny has adopted 
the denomination of Limon PampSen^ which seems to us pre- 
ferable to that of Pampean clay (Ar^ile PampSene) which he 
had previously employed. The term Tosca, used in the coun- 
try itself, might have been introduced into science, had it not 
been already appropriated to designate a deposit of a diffe- 
rent composition in the Canary Islands. 

The absence of true stratification induces M. d''Orbigny to 
suppose that the Pampean loam was deposited in a very short 
space of time, in consequence of a great movement of water. 
The only fossils found in it are bones of mammifera, which 
are sometimes very numerous, and of which the largest and 
the most remarkable belong to large Pachydermata and to 
gigantic Edentata, accompanied by some Rodentia and a small 
number of Carnivora. The Pampean loam or tosca forms the 
uniform surface of the great basin of the Pampas, rising gra- 
dually from the level of the ocean, towards the north and west, 

* The following is the definition given hy M. d'Omalius d'Halloy : — " limon 
is an argillaceoos earth, which is rarely sufficiently pure to be regarded as a true 
clay. It occurs chiefly in plains and in low valleys." — Elements de Geohgie, 1836, 
— ^Edit. 
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up to a height of 300 feet. Its thickness is often pretty con- 
siderable. In an artesian well, bored in 1837 at Buenos 
Ayres by order of Governor Rivadavia, it was found at a depth 
of nearly 100 feet ; beneath, the Patagonian tertiary sands 
were met with, which afforded abundance of water. 

From Buenos Ayres to San Pedro, a distance of upwards of 
90 miles, the Pampean bed is seen forming, without interrup- 
tion, the pretty elevated /a/ai>6« of the Plata and the Parana. 
The falaises exhibit, when the river is low, immense beds, 
known in the country by the name of Tosca, These consist 
of the same clay, more or less indurated, always cavernous, 
or filled with calcareous nodules, and containing bones of 
mammifera. At Santa-Fe-Bajada, on the left bank of the 
Parana, the Pampean deposit reposes on the Patagonian ter- 
tiary formation, which is filled with marine remains. It also 
forms the right bank, and continues to do so upwards as far 
as Goya and Correntes. It ceases to present itself generally 
throughout the plains of Chiquitos, of Santa-Cruz-de-la- Sierra, 
and of Moxos ; but it seems to exist there under the alluvial 
covering ; nay, it probably occupies in these provinces a sur- 
face equal to that which it forms in the Pampas. From thence 
it appears to connect itself on the south with the superficial 
deposit of the Pampas, and on the north with the upper basin 
of the Amazon. 

The Pampean bed does not present itself solely in the low 
plains, for beyond the regions explored by himself, M. d'Obigny 
thinks he recognises it in the lower bed of diluvium which, 
according to M. Clausen, fills a portion of the caverns of the 
Province of Minas-Geraes in Brazil. According to M. Lund, 
the interior of the caverns of Brazil is more or less filled with 
a red earth, identical with the red earth which forms the su- 
perficial bed of the country. This bed, which varies from 10 
to 60 feet in thickness, covers indiscriminately, and without in- 
terruption, the plains, the valleys, the hills, and even the gentle 
slopes of the highest mountains, up to a height of 6500 feet. 
It consists chiefly of clay, containing subordinate beds of 
gravel, and of quartz pebbles. It is often so ferruginous, that 
the particles of iron become transformed into a pisolitic mi- 
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neral similar to that which fills the fissures of the Jura,* where 
the fact was long ago noticed by M. Brongniart. It is ex- 
tremely probable that this superficial deposit of reddish earthy 
which exists also at Bio Janeiro, unites in a continuous man- 
ner with the great deposit of the Pampas, from which it difiers 
only in the mixture of quartz pebbles derived from the sub- 
jacent soil. M. Lund, on his part, ascribes the red loam of 
Brazil to a great irruption of water which, covering all that 
part of the globe, exterminated the beings which inhabited it. 
Whatever modification this hypothesis may afterwards receive, 
it seems to us evident, that, at all events, the extension of the 
Pampean bed over the mountains of Brazil, if it were com- 
pletely proved, would overturn the contrary hypothesis which 
consists in regarding the Pampean loam merely as a deposit, 
formed tranquilly at the mouth of a great river. Now, this ex- 
tension of the Pampean formation to the mountains of Brazil, 
appears to us so much the more probable, because those moun- 
tains are not the only ones in South America on which traces 
are met with of the existence of ananalogous deposit. The same 
bed, indeed, presents itself at a much greater height on the 
flanks of the Bolivian Andes, where it fills small basins at 
Tariji and at Cochabamba, at a height of about 8400 feet above 
the ocean, and where it covers the whole great Bolivian Pla- 
teau, at a mean absolute height of about 13,000 feet. 

The Pampean deposit, occurring in this manner at all heights 
of the basins, formed of rocks of all epochs, is naturally found 
in contact with beds of the most different descriptions. On 
the great Bolivian Plateau, it reposes on the Silurian, Devonian, 
Carboniferous, andXriassic systems, and likewise on Trachytes; 
at Cochabamba, on the two first ; at Moxos, on the Guaranian 
tertiary formation ; and, lastly, in the Pampas, on the Pata- 
gonian tertiary beds. But, notwithstanding this diversity of 
the fundamental rocks, wherever it is observed, and whatever 
may be its height, it invariably forms a horizontal bed, and its 
composition is fundamentally nearly uniform : in the Pampas 
it is a reddish loamy bed of great thickness ; at Chiquitos 
and Moxos it is nearly identical, and on the banks of the Rio- 

* Lund, Coup d'oeil sur les especes ^teintes de mammif eres fossiles du Br^sil, 
{AnnaleM des Sciences Naturellet, t. xi. p. 214 and 230 ; 1839.) 
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Piray it is merely mixed with clay ; on the elevated plateaus 
of the Andes it still exhibits a composition analogous to what 
it presents in the Pampas ; and on the mountains of Brazil, the 
only difference is, that it contains pebbles. 

The fossils which it contains in these various positions are 
of a not less uniform nature. They are solely bones of ter- 
restrial mammifera. These bones occur in prodigious quan- 
tity, and amply compensate in interest the absence of marine 
remains. By observing with attention the elevated falaises 
of the banks of the Parana formed by the To8ca^ which is 
the loam in its most normal and most developed form, 
various portions of skeletons of large animals are seen pro- 
jecting from the escarpment, exhibited, as it were, in an im- 
mense natural museum. These bones, mistaken at first for 
bones of giants, have struck the inhabitants of the country for 
a long period ; and the names of many of the localities of thfe 
Pampas, and of the banks of the Parana, have been derived from 
them, such as the stream of the animal^ the h'M of the giant , 
&c. At a later period, Science noticed the subject. Falkner 
says that he found in the Pampas the shell of an animal com- 
posed of hexagonal bones^ of which each had a diameter of 
at least an inch.* The carapace was nearly 3 yards long, and 
resembled in every respect that of the armadillos, but of im- 
mense proportions. As these notices leave no doubt on the 
subject, here we have, well-ascertained, in 1770, the presence 
in the Pampas, not only of fossil bones, but also of that cara- 

* Falkner's obseryations on his discovery are curious, and worthy of quotation. 
He says : '' I myself found the shell of an animal, composed of little hexagonal 
bones^ each bone an inch in diameter at least ; and the shell was near three yards 
over. I^ seemed, in all respects, except its size, to be the upper part of the shell 
of the armadillo ; which, in these times, is not above a span in breadth. Some 
of my companions found also^ near the river Parana, an entire skeleton of a 
monstrous alligator. I myself saw part of the vertebrae, each bone of which was 
near four inches thick, and about six inches broad. Upon an anatomical survey 
of the bones, I was pretty well assured, that this extraordinary increase did not 
proceed from any acquisition of foreign matter ; as I found that the bony fibres 
were bigger in proportion as the bones were larger. The bases of the teeth were 
entire, though the roots were worn away, and exactly resembled in figure the 
basis of a human tooth, and not of that of any other animal I ever saw. These things 
are well known to all who live in these countries ; otherwise, I should not have 
dared to >vrite them." — Description of Patagonia and the adjoining parts of South 
Arnica. By Thonuu Falkner; Hereford, 1774, p. 55. — Edit. 
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I pace of a large cuirassed quadruped, whose relations with the 
I skeleton to which it belongs have recently given rise to dis< 
I Gossions among zoologists. Since 1770, the Pampas have be- 
come celebrated by the discovery of the famous skeleton of 
the Megatherium found at Lujan, which was sent to the King 
of Spain by the Viceroy of Buenos- Ayres, and was described 
by Cuvier and M. Garrega. In 1827, M. d'Orbigny collected 
the fossil bones of several species in the Pampas, at San- 
Nicolas to the north of Buenos- Ayres, on the Parana and 
near Bajada» in the province of Entre-Rios. Some years af- 
terwards, Mr Darwin discovered in the Pampas a great number 
of remains of mammifera, which Mr Owen has described with 
the greatest care in the ** Zoology of the Voyage of the Beagle/' 
Since that time, MM. Tadeo Vilardebo, Bernardo Berro, and 
Arsene Isabele, found, in 1838, on the banks of the Ppdemal, 
one of the tributaries of the Rio Santa-Lucia, in the Banda 
Orientate (Republic of Uraguay), the skeleton of an enormous 
animal, still provided with its carapace, and to which they 
have given the name of Dasypus giganteus. Lastly, in 1841, M. 
Pedro de Angelis discovered in the Pampean bed, at a distance 
of about seventeen miles north of Buenos- Ayres, the skeleton of 
the Mylodon robustus, which is now deposited in the Museum 
of the Royal College of Surgeons in London, and which Mr 
.Owen has described in a special work, that has excited, in 
the highest degree, the attention both of zoologists and of 
geologists.* There was also found at the same locality an 
osseous carapace analogous to that of the armadillos, but of 
gigantic dimensions. 

If we follow the Pampean deposit beyond the Pampas, we 
find that the valley of Torija, situated in the south of the re- 
public of Bolivia, in the last eastern lateral chains of the east- 
em Cordillera, has for a long time been quoted as a locality 
of fossil bones. This valley forms a small basin furrowed in 
the east by a water-course, and it is on the banks of the latter 
that an immense number of bones occur in a gravelly loam, 
in which the animals seem to be nearly entire. M. d'Orbigny 
has ascertained the occurrence in this deposit of the Mastodon 
Andium of Cuvier, and he thinks that he can refer to the same 



• Owen's Description of the Skeleton of the Mylodon robustus ^ 1842. 
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bed the remains which Humboldt noticed in other parts of the 
Andes. It is known that that illustrious traveller collected 
in 1802, on the plateau of Quito, teeth of elephants and mas- 
todons, which were examined by Cuvier. Probably the teeth 
brought home by Dombey the traveller, came from the same 
localities. Humboldt likewise discovered the teeth of MtMB^ 
todon angusHdens near Santa- Fe de Bogota, in Columbia, and 
bones of elephants at Cumanacoa, near Cumana. Bones of 
the elephant have not hitherto been found in the Pampean 
formation, but Mr Darwin discovered in this deposit, near 
Santa-Fe Bajada, bones of mastodons associated, and this is 
a curious circumstance, with bones of the horse. Previously, 
M. Auguste de Saint-Hilaire had sent to the Museum of Paris 
a tooth of a mastodon, collected at Villa do Fanado, in Brazil. 
MM. Clausen and Lund have subsequently examined the 
caverns of the province of Minaes Geraes, and have collected 
a considerable quantity of bones of quadrupeds. The number 
of species already distinguished by them amounts to more 
than 100. They seem to have belonged to the same fauna 
as those whose remains occur in the Pampean deposit, for the 
identical species of the genera MegaUmyx^ Megatherium^ 
HdophoruBy and Mastodon, present themselves simultaneously 
in the Pampas, and in the caverns of Brazil into which the 
Pampian mud has penetrated, and whose entrances it sur- 
rounds. This circumstance is so much the more remarkable, 
because it is a distance of more than 1200 miles from the 
province of Minaes Geraes, where these caverns are, to the 
falaises of the Parana, near San Pedro, which are the richest 
in fossils, and because this same loam occupies an extent of 
surface on the Pampas, chiefly to the south-west of the Parana, 
which of itself is nearly as great as the half of France. This 
fact harmonises with many others, tending to shew, that the 
continent of South America is fashioned on the great scale ; 
and that, in order to explain its origin, we can only call in the 
aid of simple and great causes* 

To be concluded in our next Number, 

* Compter Rendua de VAcadvmie des Sciences. The Report was given in to tho 
Academy on the 28th August 1843. The Committee consisted of Messrs Alex- 
andre Brongniart, Dufrenoy, and EUe de Beaumont ; the last-mentioned being the 
reporter. 
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Fabies and prejudices regarding Serpents. By Dr H. 

SCHLEGEL.* 

The serpent performed a grand part in antiquity, and still 
plays it among most barbarous or demi-civilized nations. Nu- 
merous causes have been assigned for this phenomenon. Man, 
intimidated by his aversion for these animals, which is in him 
in some degree innate, has only learnt from experience, how 
small a number of these reptiles are formidable by their poison- 
oas qualities, while others conceal, under the same delusive 
appearances, a mild and inoffensive character. 

A thousand different properties, which are successively de- 
tected in serpents, have opened to man a vast field of medita- 
tion, and, in furnishing ample materials to dress out his religious 
ideas, have presented him with an infinite number of mythic 
allegories. He has drawn from them symbols, and has ended 
in offering to those dreaded animals a worship founded on 
the most diverse and conflicting motives. It would seem to 
be natural to man to avail himself even of the animals which 
are noxious, for procuring the mfeans of preservation from the 
evils which they cause : hence the practice, established from 
the most remote times, of extracting from serpents remedies 
against their bites ; while, on the other hand, man sought 
to appease their fury by revering them as divinities. The 
ancients, employing often the most prominent characteristics of 
animals in their allegories, discovered, in the habits of ser- 
pents, in their qualities, or even in their form, an inexhaus- 
tible fund for setting to work their own fertile imagination, 
which heated itself invariably in embellishing the observations 
they had made from nature. It is to these various causes, and 
to circumstances perhaps little known at this time, that we 
should attribute the fear, mingled with hatred and venera- 
tion, with which the serpent has inspired the human race. 
In the mythology of most ancient nations, there are traces 



* From Dr Traill's excellent translation of Dr SchlegePs valuable " Essay oa 
the Physiognomy of Serpents," about to be publishe'd. This work we recom- 
mend to the student of Ophiology. 
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which attest that the idea of the serpent as the evil principle 
prevailed from the most remote antiquity. The serpent is 
represented as the cause of the first transgression and fall of 
man ; and Arimanes, assuming the form of a serpent, seeks 
in vain to overcome his antagonist Orosmandes, who repre- 
sents the good principle in the idealism of the ancient Per- 
sians. 

It is believed that the ancient Greeks made choice of the 
allegory of the great serpent killed by the arrows of Apollo 
to represent the pestilential vapours, emanating from the 
marshy slime which covered the earth after the deluge, or 
after annual inundations, and which could only be dissipated 
by the rays of the sun ; afterwards, this Python became the 
attribute of Apollo and his priestesses at Delphi, and it sub- 
sequently served for the emblem of Foretelling and Divination. 
Analogous circumstances probably gave rise to the fable of 
the Lemsean Hydra, exterminated by the labours of Hercules 
and his companion lolas. Among the ancient Egyptians, the 
serpent was the symbol of fertility. They represented, under 
the form of a serpent, inclosed by a circle, or entwined around 
a globe, the Cneph of their cosmogony, who is the same as 
Ammon, or the Agathodemon, the spirit or soul of creation, 
the principle of all that lives, who governs and enlightens the 
world.* The priests of that people kept in the temples living 
serpents ; and when dead, interred them in those sanctuaries 
of superstition.f 

As an emblem of Prudence and of Circumspection, the ser- 
pent was the constant attribute of iSsculapius, and the same 
veneration was paid to those reptiles, as to the father or the 
God of medicine and magic. J The Ophites were Christian 
sectaries, who, towards the second century of our era, estab- 
lished a worship which was particularly distinguished from 
that of the Gnostics in this, that they adored a living serpent ; 
conforming themselves to the ancient traditions of their race, 
they regarded that animal as the image of Wisdom, and of 

• Eusebii, Pred. Evang., 33 ; Horopollo, ap. i. 2 ; Creutzer, Symh. L. i. 507 

and S24. 

t ^lian, xvii. 5 ; Herodotus, il. 74* 

J Pausanius, ii. 26-28. 

6 
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the sensual emotions which it awakens/ The monuments of 
the Mexicans, of the Japanese, and of many other nations who 
owe the foundation of their civilization to the ancient inhabi- 
tants of Asia, attest l^iat the serpent played also a part more 
or less important in their religious mysteries; but time and 
the relations which exist between those nations and Euro- 
peans, have partly abolished these usages ; and at this day it 
is only among negro tribes, and on the west coast of Africa, 
that the sei'pent figures among divinities of the first rank: 

It does not enter into the plan of my work to explain or 
even to allude to the numerous allegories which the serpent 
represented among the ancients. Every one knows that the 
snakes armed the hand of Discord, no less than the whip of 
the Furies, and that the head of the Eumenides bristled with 
serpents ; the two snakes twisted around the caduceus of Mer- 
cury is the type of insinuating eloquence ; the circle formed 
of a snake biting its own tail, without beginning and without 
end, was the chosen symbol of eternity ; the celerity of move- 
ments imiformly repeated to execute progressive motion, be- 
came the emblem of the swiftness of time, and the succession 
of the infinity of ages ; the fables, lastly, of Achelous, of Ju- 
piter metamorphosed into a serpent to captivate the object of 
his love, and many others, attest that the ancients attributed 
to the serpent qualities the most opposite, and that the same 
being, according to them, united at the same time force with 
timidity, beauty with a shape which inspired horror, mildness 
with cunning or deceit. 

We ought to attribute to causes similar to those we have men- 
tioned, to that superstition — ^an inheritance of human nature 
— the innumerable errors which, even to our times, have dis- 
figured the history of serpents, A vast number of those fables, 
invented in the infancy of the human race, and transmitted to 
posterity by classic authors, are spread abroad so as to acquire 
popularity from the authority which is accorded to those 
^ writers. To prove this assertion, it is sufficient to recollect 

* Mosheim, Gesch. der Schlangenbr. p. 1 , 
VOL. XXXVi: NO. LXXI. JAN. 1844. E 
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what Bereral modem authors have repeated in their works,, 
that hogs kill snakes to feed upon them, and that serpents find 
in milk a great dainty ; errors which date from the times oF 
Aristotle* and Pliny ,t but propagated in Europe, in America, 
and other parts of the world. We read in the same authors,^ 
that the ichneumon, to defend itself against the bites of snakes, 
bedaubs itself with mud, and that it eats a certain herb which 
those reptiles hold in aversion. This prejudice, which rests- 
on the simple fact that the little mammiferse we speak of, as 
well as many others, are the natural enemies of serpents, is 
preserved in various parts of the East Indies. The plant 
which possesses the virtue of repelling snakes, according to 
Kaemfer,§ is the Ophiorhiza Mungos^ according to others, the 
Aristolochia indica, which the jugglers of those countries pre- 
tend to use with success ; but the experiments of Russell |f 
have demonstrated that all these qualities^repose'only on po- 
pular prejudices. The same holds good with regard to the 
employment of the Polygala Senega^, a plant celebrated among 
many tribes of North America ; while other nations reject it, 
to make use of plants of the genera Frenanthes^ Lactuca, 
Helianthus, Sptraa, &c., the efl&cacy of which, as antidotes 
against the poison, are as little proved as that of the former. 
Modern travellers of great name have furnished some curious 
factsrelating to a plant,** to which the inhabitants of Colombia 
attribute the same qualities as those ascribed to the Aristo- 
lochia in India ; but it is much to be desired that these experi- 
ments were repeated by persons familiar with the nature of 
serpents. tt It will be superfluous to repeat all that the ancients 
have invented concerning the innumerable antidotes of which 



♦ Hist. Anim., ix. 2. t Hist. Natur. viii. 14. 

{ Aristotelis, ix. 7. Plin., viii. 36. 

§ Amcenitates Exotics, i. p. 305. 

II Indian Serpents, i. p. 86. 

t Palisot Bauvais, Ap. LatreiUe, iii. p. 90. 

♦♦ Plantar Eqvdnox. ii. pL 106. 

Tt [The author perhaps is not aware of the curious experiments on the rattle- 
snake with the leaves of the Fraxinus Americana, by Judge Woodruffe, published 
in Silliman's Journal for 1833 Tr,] 
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[ Aey vaunt the efficacy. On consulting the passages of Pliny* 
to irfiich we refer, it will be seen that the ancients recommend 
HidiscrinHnately, for this purpose, the most heterogeneous 
substances ; but that the attempts which they made were the 
result of the grossest empiricism. Deceptions of this nature 
are practised in India and Ceylon, where they sellpastUIes and 
pills of different kinds, arbitrarily composed of substances from 
tiie yegetable, animal, and mineral kingdoms, and which 
merely act on the imagination of the sufferer.t 

We have stated above, that the practice of extracting 
from serpents the remedies against their bite, dates from re^ 
mote antiquity : Antonius, physician to Augustus, employed 
vipers in several diseases ;!( but it was not until the time of 
Neroy when the physician Andromachus of Crete, § invented 
the theriaca, that the practice became general. The theriac 
was an arbitrary compound of heterogeneous medicaments^ 
and was afterwards employed in maladies of the most opposite 
nature : it was compounded in the middle ages in almost all 
the cities of Europe, particularly in its southern parts : at this 
day, the practice of including the snake in the composition 
of this medicament is only retained in Italy, where the theriac 
is still made in various places. In Sicily it is prepared at 
Palermo. That of Venice is very celebrated : there they use 
millions of the Vipera aspis, which is common in the vicinity 
of that city.|| The great manufacture of theriac which exists 
at Naples, under the protection of the government, is a pri« 
vate speculation, at the head of which stands the learned Pro- 
fessor Delle Chiaje; there they use indiscriminately every 
q>ecies of serpent, although they prefer the vipers named 
viperiere by the peasants, who bring them alive in baskets. 
H. Siebold assures me that they frequently employ a species 
of theriac in China and Japan ; the inhabitants of the Lioukiou 
Isles extract medicaments from the Hydrophis colubrina ; and 

— 4 

* Hist. Natur., 28, 42, 29, 16, 17, 20, 21, 22, 26, 26, 32, 17, 19, &c. 

t Russell, i. p. 74 ; Davy, Ceylon, p. 100. 

t Plin. 30, 39. 

§ Galen, de Antidotis, lib. i. cap. 6. 

II MS. note communleated by the late Dr Michahelles. 
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at the Isle of Banka^ the Chinese reckon the bile of the grest 
python a precious remedy against many diseases.* I pass ove 
the use made in the middle ages of di£Ferent parts of the snake 
to each of which was attributed salutary qualities ; in our dsLji 
they are wholly laid aside. 

It is only in recent times that those experiments have been 
instituted on the effects of the bites of snakes, which we have 
related elsewhere : the ancients, as many people still do, re- 
puted indiscriminately all serpents venomous; they placed the 
seat of their deadly weapon in the tongue, or in the end of the 
tail, and ascribed to the bite of each species, according to their 
fancy, a different train of mischiefs.t Civilization is unable 
to destroy these errors, and one is astonished to hear them re- 
peated by well-informed persons ; to see republished in several 
works the story of the three sons of a colonist, successively 
dying at long intervals, of a wound caused by tlie fang of a 
rattlesnake remaining in the boot of their father, who had first 
died of the bite : a story which the inhabitants of Surinam, 
as well 2^ those of the United States, are pleased to repeat to 
strangers passing through their country. One is astonished 
to hear of sea-snakes of monstrous size ; of boas from forty 
to fifty feet long that attack men, oxen, tigers, and swallow 
them whole, after having covered them with a frothy saliva : 
absurdities that bring to recollection those fables of winged 
monsters or dragons, qf which the mythology of the ancient 
people of Asia has preserved the remembrance, and of which 
the wayward fancy of the Chinese has multiplied the forms. 
What shall we say on reading in modem works of great re- 
putation, descriptions of the marvellous effects produced on 
serpents by music ; when travellers of talent tell us they have 
seen young snakes retreat into the mouth of their mother, 
every time that they were menaced with danger ! Unfortu- 
nately naturalists, in classing such fables with the number of 
facts, have often embellished with them their descriptions, and 
thus have contributed to give them universal acceptation. 



* Oliyier, Lund en Zeetogten, ii. p. 447. 

t See Lucan, Pharsalia, ix. 937 ; Nicander, de beriaca. 
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Who, for instance^ will not be struck with the description 
which Latreille and Lacepede have drawn up of the ha- 
bits of the boa, and of other serpents of great size ! How 
manj qualities have not these philosophers attributed to those 
beings, which have never existed, except in their own imagi- 
nations! 

Every one has heard of the pretended magic power which 
serpents are said to exercise over small animals, when they 
wish to catch them : there are few works on natural history 
which have not treated of this phenomenon, contradicted by 
some, and defended by others, without their being able to 
arrive at a satisfactory conclusion. I shall hot here repeat 
the absurdities which travellers have written on this head, and 
which are sometimes extremely curious :* suffice it to say, that 
these tales, of which the traces may be found in several classic 
anthors,t are particularly in vogue in North America, while 
they are unknown in the East Indies and in Europe, countries 
rich in serpents of every species. This observation is too 
curious not to merit some attention, as it shews how a fact, 
true or supposed, may be so spread as to become popular. 
Many causes might have given rise to the origin of the pre- 
tended power offascination of serpents. It is true that most 
flTiimgLla appear absolutely ignorant of the danger which me- 
naces them, when they find themselves in the presence of 
enemies as cruel as serpents ; we often see them walk over 
the bodies of those reptiles, pick at their head, bite them, or 
lie down familiarly beside them : but we need not also deny, 
that an animal, unexpectedly siu^prised, attacked by so for- 
midable an adversary, seeing his menacing attitude, his move- 
ments performed with such celerity, may be so seized with 
fear, as, at the first moment, to be deprived of its faculties, 
and rendered incapable of avoiding the fatal blow, which is 
inflicted at the moment when it perceives itself assailed. Mr 
Barton Smith, in a memoir expressly written to refute all that 
has been advanced on the fascination of the rattlesnake, re- 



* See LevaiUant 2de Voyage, i. p. 93 ; Barrow, Trav. p. 120, 
t JBlian, ii. 21 ; Pomponius Mela, i. 19. 
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lates several instances which prove that birds do not she 
themselves afraid, except when the serpent approaches the 
nests to seize their young. Then one may see the terrific 
parents fly around their enemy, uttering plaintive cries, jui 
as our warblers do when any one stops in the vicinity of thei 
nests. It may also be, that the animals which it is pretender 
had been seen fluttering around the snake, and at last falling 
into his mouth, have been already wounded by his pmsoa 
fangs ; a supposition which perfectly coiresponds to tiie waj 
in which venomous serpents master their prey. Many tree- 
snakes seize their prey by twisting their slender tails around 
their victim : Dampier* has several times been a witoess of 
this spectacle : observing a bird flapping its wings, and utter- 
ing cries, without flying, this traveller perceived that the poor 
bird was locked in the folds of a snake, when he attempted to 
lay hold of it. Rusself presented one day a fowl to a Dipsas, 
and the bird in a short time gave signs of death ; not conceiv- 
ing how the bite of a snake not poisonous, and so small, cooU 
produce such an eflPect, he carefully examined the fowl, and 
found the folds of the tail of the snake around the neck of ike 
bird, which would have perished, had he not disengaged it. 
Many birds of small size are accustomed to pursue birds of 
prey, and other enemies of their race, or to fly about the place 
where the object of their hatred lies concealed : there is rea- 
son to believe that this phenomenon, known in Europe to 
every observer, also takes place in exotic regions ; and per- 
haps this is also one of the circumstances which have contri- 
buted to the invention of the stories which have been related 
of the power of £9iscination in serpents. 

But I have too long interrupted the progress of my work, 
in exposing the numerous errors which have disfigured one 
of the most beautiful parts of natural science ; and I believe 
I ought to omit the fables concerning the basilisk, the hybrid 
snakes produced by the congress of eels and serpents, and the 
other tales as strange as absurd, which are still believed by 
many persons. Yet, before terminating this division of my 



♦ Voyages, iii. p. 275. t Russel, i. p. 20. 
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worky I shall notice the magic power which certain persons 
pretend to be able to exercise over snakes. This pretended 
art, which formed at all times, and among various nations, 
the occupation of a particular caste, consists in certain tricks 
which the serpents execute at the will of the conjurors, who 
have trained them expressly for the purpose : as they chiefly 
make use of the Naja tripudians and Naja haje, I have, in 
these two articles, stated the manner in which they employ 
serpents in those tricks.^ 

Such conjurors exist now in the Indian Peninsula, and in 
Egypt rt* those of the latter country boast themselves to be the 
descendants of the Psylli,^ — a tribe who inhabited anpient 
Lybia and India, and were celebrated for their skill in curing 
the bites of snakes, and securing themselves against them. 
Another people inhabiting Italy, but less known, were the 
Marsi ;§ we know still less of the Ophigenoi, whose country 
was Greece. II 

Among the n^ore civilized people of Europe, persons who 
pretend to possess the art of fascinating serpents, are very 
rarely to be met : they consist most frequently of ignorant 
charlatans, who impose on the lower orders, seeking to alarm 
them by playing familiarly with serpents, while they are only 
thus fiuniliar with the innocuous. M. Lenz has given in his 
work1[ the history and tragic end of one of those pretended 
conjurors, who paid with his life for a temerity, founded on 
absolute ignorance of the nature of vipers. 

♦ [The author here alludes to the descriptive part of his work, not yet trans- 
lated.] 

t Geoffroj, Descrip. del Egypte, xziv., p. 88. 

X Plin. yii. 2 ; JBlian, 16, 37, 17, 27 ; Luean, ix. 891. Consult also the paper 
of Mr Spalding^ entitled Uber die Zauberei durch Schlangen, and inserted in the 
Memoirs of the Academy of Berlin, 1804-11, Historico-philosophical Class, p. 9. 

I Virgil, En. viL 750 ; Silius Italicus, viil. 495. 

II Pliniiu, vii. 2 ; .£lian, zii. 39. 
1 Pi^ 192. 
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Notices of Earthquake-shocks felt in Great Sritain^ and espe- 
cially in Scotland, with inferences suggested hy tJiese notices 
as to the causes of the Shock* By David Milne* Esq., 
F.R.S.E., M.W.S., F.G.S., &c. Communicated by the 
Author. 

(Contiiiaed from Vol. XXXV. page 159.) 

Having now fully detailed the phenomena attending the 
shock of 23d October ISSO, and suggested the inferences as 
to the probable cause of such shocks, which these phenomena 
seem to warrant, we shall proceed to describe shocks of a 
subsequent date, offering also, in regard to them, such re- 
marks as may be suggested by the effects observed. 

8M January 1840. — The shocks under this date, as felt at 
CoMRiE, appear from the Register kept there* to have been 
very slight. 

On the same day, about 10 p. m., a shock was felt in 
Ireland, which, perhaps, it is not out of place to notice. 
An account of it was transmitted by Mr Paterson of Belfast, 
from which the following extracts are made. '^ The shock 
was most felt in the barony of Innishowen. This barony, 
which is the northern extremity of the county of Donegal, 
forms a peninsula, lying between Lough Foyle on the east, 
and Lough Swilly on the west. The sound by which the 
shock was accompanied, was heard in the parish of Cloncha, 
20 miles north of the city of Londonderry ; and also in the 
several parishes of Moville, Culdaff, Donagh, Clonmany, and 
Fahan. The duration of the shock is estimated at about 20^". 
The vibration of the ground was very sensibly felt, especially in 
high and rocky situations, and but slightly in low and marshy 
grounds. It is compared to the kind of tremor caused by the 
passing of a loaded cart. No building of any kind was injured 
by it, nor was any wall cracked or thrown down. It seemed 
to proceed from E. to W. or from NE. to SW. The shock 
at Malin is stated to have been ^ heaviest' at the commence- 
ment and termination ; perhaps, by a well-known law of mo- 

* See pa^e 85. 
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lion, the concussion would appear greatest at these times, if 
of the same actual intensity throughout. 

'* The noise by which the shock was accompanied, seemed 
on the surface of the earth, or immediately beneath it. In 
another locality, a crackling noise was said to have been heard 
in the air, and was compared to that which occasionally ac- 
companies the aurora borealis. By some, the noise was mis- 
taken for thunder, a supposition at once contradicted by the 
cloudless aspect of the sky. One gentleman states^ that, like 
the sound of a passing coach, it increased in loudness, and 
gradually died away. He estimated its duration at 3". To 
another, it seemed less than V, That the comparison of the 
sound to that of the firing of cannon at sea, or the rolling of 
distant thunder, conveys a good idea of its character, is proved 
by the fact, that it was taken by several people at Ciddaff for 
the firing of cannon by a vessel in distress off the Pollard 
Strand, which is situated to the westward of that place. The 
night was beautifully clear. All agree in describing it as a 
fine starlight night. The weather for some time, both before 
and after, was unusually fine for the month of January. 

" Persons who had, during a residence abroad, experienced 
a similar sensation, at once pronounced it to be the vibration 
caused by an earthquake. One lady near Moville, when she 
felt the motion of her seat, turned pale with affiight, and 
dropped from her hand a book she had been reading. At 
Goory^ the residence of John Harvey sen. Esq., the drawing- 
room windows were made to rattle. In one instance near 
Malin, a tea-tray, suspended on a nail, was thrown down. In 
a place six miles SW. of Malin, some flags in a kitchen floor 
were shaken considerably, and moved from their places." 

18/A January 1840. — The Comrie Register indicates two 
shocks on this day ; the one at 9^ 45' p. m., the other at 10 p. m. 

Mr Colquhoun of Clathick, a place about three miles east 
of Comrie, happened to be at home, and, within a couple of 
hours after the shock, wrote a short account of it, as felt in 
his house ; from which the following extracts are made : 

"All in the room felt it come, from west to east. We were 
sitting round the fire, and were alarmed by a very smart 
shock. The little dog started up terribly confused. The 
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vibration was Tery rapid, and as if miming iJiwig sharply im- 
der the floor, making the things shake a little. On the se* 
cond occasion, there was only a single report, with but a slight 
movement. I looked at the barometer about five minutes 
after the shock, and did not find it lower than it had been an 
hour previously." 

Mr Colquhoun accompanied his letter with some extrac^ts 
from his Meteorological Register, which prove that the wea- 
ther, both at and before the time of the shock, was marked 
by peculiar wetness. These extracts are as follows : 

'*1840, January 11, — Fog all day with some rain. Rain 
M night. 

*• 12th, — Tremendous gusts of wind from SW. with heavy 
storms of rain. Some rain fell during the night. 

" 13/A. — Thermometer 46° (north aspect). Gloomy all day, 
with high wind, and some showers from S W. 

" 14/A. — ** Thermometer 44°. Fine, clear, mUd morning- 
Towards evening again, showers, with high wind from S W. 

" Vbih. — Warm, oppressive feeling in the air. High SW. 
wind at 11 a. m. Heavy showers of rain and high wind till 
evening ; and rain all night from west. 

** 16/A. — Wind came round to N W. bringing showers of 
snow on the hills and rain below, p. m. high NW. wind, 
with storms every now and then. 

" 17th. — Slight frost in latter part of the night. Fine and 
dear sunshine all day. Wind from NW. Halo round the 
moon. Rain came on before midnight. 

** I8th. — ^A little fresh now on the hills. Wind changed to 
SW. about 9 p. M., becoming quite muggy and warm ; coming 
from SW. in terrible gusts, and drenching storms of rain all 
day, with hardly any cessation. Wind increased in violence 
till sunset, then lulled for half an hour ; recommenced at 7 p. m. 
with greater force from nearly due west, and blew almost 
a hurricane, till 20 minutes before 10, when the first shock 
took place. Wind unabated, but veering round to the north. 
Deluges of rain beating against the house all night, but with 
occasional glimpses of clear moonlight. 

•* 19th. — The gale continues, and is more severe, with 
heavier storms of rain than we have had this season. 10 a. m. 
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wind from NW. ; a little fresh snow on the hills. 12 a. m. 
wind stUl blowing a severe gale from NW. 

" Walked to church to-day quite dry-footed, notwithstand- 
tng all the rain which has fallen, — ^a strong proof of the po- 
foas nature of the soil here.'' 

7th April 1840. — On this day, as mentioned in the uews- 
papers, '' a powerful shock was felt in Crieff, the motion of the 
earth being from west to east. It was accompanied by a roll- 
ing h(dk>w sound, which resembled distant thunder. At 
Comrie, it was severely felt at the same time ; and in the 
neighbourhood of that place, it caused several bells to ring.^ 

15th September 1840. — On the evening of this day, as a 
correspondent at New Ross, in Ireland, writes, that town ^^ was 
visited with a dreadful gide of wind. About 7 p. m. it turned 
to a hurricane ; a few minutes after that hour, Uiere was felt 
the diock of an earthquake. I saw the candlestick on my 
table tremble, and the light s^peared to emit a faint blue 
colour. At this time a gust of wind came on, with such ter- 
rific violence, that windows were blown in, chimneys were 
prostrated, while two doors fastened with iron-bars were rent 
asunder in the timber-yard of James Galavan. The sheds 
were stripped of slates. The shock which the inhabitants of 
New Boss experienced, will never be obliterated from their 
recollection." 

26/A October 1840. — The instruments at Comrie were 
moved by the shock mentioned in the register. The one 
meant to indicate shocks from below, was depressed three 
quarters of an inch, indicating that the earth's surface had 
been raised to that amount. Another instrument, on a dif- 
ferent principle, but also constructed so as to be afiected only 
by the same kind of shocks, indicated an elevation of the 
ground to the extent of half an inch. 

In regard to the amount of horizontal movement, as mea- 
sured by an instrument on the principle of the ordinary pen- 
dulum, the lower end of it made a rut or furrow in flour half 
an inch from the centre, and in a direction W. by N. 

From these data, it may be inferred, that the shock had 
come upwards to the earth's surface, at Comrie, in a direction 
W. by N., and at an angle of from 45° to 60° with the horizon. 
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Z\st January 1841. — This date is noticed, merely becauser, 
on the morning of that day, and almost at the same hour, a 
shock was felt at Comrie and in Wales. At Comrie it occur- 
red about 2 A. M. At Carmarthen, if the account in the nevrs- 
papers is to be trusted, it occurred ^' between 3 and 4 o'clock 
A. M. It was a smart shock, accompanied by a very visible 
tremor of the earth, and a rumbling noise similar to the sound 
of distant thunder/' Several other towns in Wales are men^ 
tioned, where a shock was felt at the same instant. It is 
added, that *' similar shocks were observed about the month 
of last November in the neighbourhood of Llanstephan.'' 

IQth March 1841. — At Comrie, the two inverted pendulums, 
though of different lengths (the one 30 inches, and the other 
128 inches), had their points thrown to the west half an inch. 

22^ March 1841. — At Comrie, these instruments were again 
affected, as on the 10th, though not quite to the same extents 

19M and 21st AprU 1841. — On these days, shocks occur- 
red at and near Oban, in Argyleshire, which do not appear to 
have been felt at Comrie. 

On the first of these days, they occurred at 5^ 30' A. m.» 
11*^ A. M., and 2^ 30' p. m. 

On the last mentioned day, '^ the shock occurred at 1^ 35' 
A. M., and was felt severely at the Lismore Lighthouse. The 
watcher there was greatly alarmed, by a loud noise resembling 
that of a cannon discharged at a short distance. The noise 
was accompanied with a shaking of the lighthouse tower, — 
the top of which is 103 feet above the sea. The tremor was 
such as to cause the reflector frame and glasses to tingle. 
The people at the bottom of the lighthouse heard the noise, 
but were not sensible of the tremulous motion. The Ferry- 
house at Connal (which is about nine miles east of the light- 
house) was rent by the shock. No effect was produced on the 
barometer. At the time of the shock, there was a smart 
breeze blowing from the north." 

4/A Jtdy 1841. — The shock under this date does not appear 
in the Comrie Register. The only place from which any ac- 
count was received describing its occurrence is Kinlochmoi- 
DAUT, in Argyleshire, situated immediately to the north of the 
point of Ardnamurchan. Mr Robertson says of this shock. 
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in a letter written next morning, — ^' We felt a slight shock, 
accompanied with a rumbling noise, last night about 9^ 30^. 
It was much slighter than the one felt here in October 
1839." 

23^2, 25M, and 26M JWy 1841.— Of these dates, shocks 
were felt at Comrie. Mr M'Farlane writes: — The first 
" occurred about 1 a. m., — ^say 2 on our scale of intensity. 
The second occurred at 4^ 45' p. m., — 3 of our scale. The 
third was this morning about 3 o'clock, said to be also 
pretty loud. Your instrument in my garden (to indicate a 
vertical upheaye of the ground) was moved by one of the last 
or both (I cannot say precisely, not having looked in the in- 
terval) nearly one degree or half an inch. The long one in 
the steeple was also inclined, when I looked at it this mom- 
ing, about the same distance from its centre to the west. 
My own dip one had its index depressed about half an inch, 
and vibrated east and west, from its point of rest, nearly the 
same distance. The quake yesterday, I heard distinctly. A 
few seconds after the shock, the window-sashes of the room 
where I was, quivered audibly. The weather has been re- 
markably mild and warm for some days back. Neither the 
barometer nor thermometer seemed to be sensibly affected.'^ 

From these data furnished by the seismometers, it is evi- 
dent that at Comrie there was, on the 26th July, an upheave 
of the grotmd from the westward, caused by a force which 
acted from below in a direction making an angle with the 
horizon of 40° to 60°. 

30M JyJy 1841. — On this occasion also, the seismometers 
were affected. Mr M'Farlane reports, that the two inverted 
pendulums in his house vibrated to the extent of half an inch, 
and in a direction south and north, which is different from 
previous indications. At Tomperran (about one and a half 
mile east of Comrie), an instrument on the principle of the 
common pendulum, vibrated east and west. The instruments 
for shewing vertical movements, were but slightly affected. 

Notwithstanding the slight nature of the effects of this 
shock on the instruments, Mr M'Farlane reports, that it was 
very severe, though not so violent as the one which occurred 
in October 1839. Reckoning this former one at 10, he says, 
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the shock of 30th July 1841 may be reckoned 8. He acld», 
that " it was distinctly double^ the latter part, if any tJung", 
more severe than the first : — ^the noise and shake awfid^ at least 
I felt them so in the house, and those out of doors gave the 
same account. It is difficult to account for the smallness of 
its effects on the instruments. Perhaps the vibrations of the 
ground, though violent, were short and frequent, and thereby 
interrupted the natural swing of the pendulums. I recollect 
some person, on the occurrence of one of the former severe 
earthquakes, describes his feelings as if on horseback when 
the animal shakes itself. Somewhat such were my impres- 
sions on the 30th, even before I had looked at the instrn- 
ments. It is said here, that there were twelve shocks that 
day. I felt nine myself. There was one about 8 a. m. pretty 
smart, and none else till the great one about 2 j p. m. Imrne- 
diately after it, there were two or three slight shocks, and 
about an hour afterwards a loud one. The weather was 
cold and inclined to stormy, about the time of the severe 
shock, and for a day or two before and after.*' 

In a subsequent letter, dated 9th August 1841, by which 
time Mr M'Farlane had visited different places in and near 
Comrie affected by the shock, he gives some details, which it 
may not be out of place here to notice. 

A house at Garrichrow (about two miles west of Comrie), 
" was so severely handled, that three out of four chimney-tops 
will require to be rebuilt or repaired, and there is a rent in 
the west gable of the house." " A man from Comrie, who 
happened to be working at the time on the hill behind, de- 
scribes the shock as awful indeed, and he says the trees around 
him were so much agitated, that he thought they would have 
been torn up by the roots ; but he cannot remember exactly 
in what direction they waved, but thinks it was E. and W. 
The wall of one of the houses of Ross (the neat suburb of our 
city) was rent, and the miller's house (yotf 11 recollect it), in 
spite of its numerous abutments, has had its rents much en- 
larged. This shock, I learn, has bcfen felt as far east, at least, 
as Newburgh, about thirty-eight miles from Garrichrow, as 
far to the west as Dalmally — ^the distance of which I do Dot 
exactly know (but probably it may be about the same)— as 
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fiir north as Glenlyon, thirty miles, and south as Alloa and 
Stirling, from twenty to thirty miles." 

^' I have since seen several of the shattered buildings : one 
of the ohimney-tops in Dunira House is slightly rent; one in 
the stables behind, very much ; two of the gardener's cottage 
behind that again, considerably ; one so much, that it was 
taken down, and rebuilding when I saw it. The directions 
in which the stones have been moved, seem to have been va- 
rious.'' ^' It is remarkable that neither the row of chimney- 
stalks on the hot-house wall, of the same construction with those 
of the gardener's cottage (octagonal), nor those of the game- 
keeper^s house, which is a little up the hill, have been injured. 
The gardener told me the foundation of all the buildings 
thereabout (except the last) was upon a gravelly soil, but how 
near the subjacent rock he could not guess. A person who 
happened to be on the hill or rising ground immediately to 
the west of Dunira House, told me, as a proof of the shock 
having come even there from the west, that after the shock 
passed him he heard the rattle of the slates, and of the build- 
ing about Dunira. But this you'll at once see was not evi- 
dence of the alleged fact. Another, standing on the hill above, 
said, that he thought he saw the disturbance or wave of the 
woods pass eastward. This was near Comrie. Those in the 
wooden shade, at the saw-mill near Dunira, saw the roof open 
for a moment ; and when they rushed from the shade, they 
observed that the water in the mill-lead was for a short time 
dammed backwards, and raised about four inches above its 
former level at that place ; and from this and other indications 
they judged that the earth there was raised directly upwards 
(Aout six inches. There were traces of electricity in the clouds 
at the time, and other peculiarities in the appearance of the 
sky, but nothing amounting to the least hint, so far as I could' 
judge, that we were to be so roughly handled. I recollect be- 
fore, of noting the appearance of the sky as lurid and par- 
ticularly sombre when we had quakings below ; but I have fre- 
quently since, seen the same of even stronger marks of the same 
kind, and yet all pass peaceably off; and, on the other hand, 
earthquakes, when the sky was clear and open. Even a course 
of previous wet weather, which, from its being hitherto an al- 
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most constant forerunner of the violent and frequent shocks 
warranted the inference that they were somehow connected 
does not seem to be a sine qwi non ; so that the remark of s 
facetious old man, once well known here as ' Deacon Reid,' 
will hold good, who, long ago, in the first series of our earth- 
quakes, had been paying particular attention to the phenomena, 
and being asked if he had made out whether they affected 
the weather or the weather them, replied, that he had attended 
particularly to that point, and all that he could make of them 
was, that there was 'aye some kind o' wather when they 
happened.' I may here add, as it was omitted in its proper 
place, that the only difference I could observe in the circum- 
stances of the shattered chimneys about Dunira was, that they 
were all on walls or gables, running S. and N., while those 
untouched, had the walls on which they stood E. and W. 
Dykes were thrown down in many places." 

Some of the facts mentioned in Mr Macfarlane's letter, and 
especially as to those walls which were rent and those which 
escaped, can be at once explained, when regard is had to their 
situation. The spot from which, as already shewn, the shocks 
in the Comrie district emanate, is situated about a mile or 
half-a-mile to the north or north-east of Dunira ; and, there- 
fore, shocks affecting the surface of the earth at Dunira, would 
crack walls running north and south, by lifting one portion 
of them before the other, — ^but could produce no such effect 
on walls running east and west. 

West of Dalchonzie House (situated W.SW. of Comrie 
about 2 miles), the following effects were perceived by David 
Robertson, labourer in Comrie, who related them to me. He 
stated that he was mowing hay, at the above place, and had 
laid himself down on the ground to take his dinner or rest 
himself, about 2^ p. m. There were two thumps in the earth, 
with an interval of a moment between. He felt himself 
heaved up each time, and he saw the trees shake. There 
was a rake lying before him within a few feet ; which, on the 
occasion of the first thump, was«thrown up off the ground 8 
or 9 inches, — and on the occasion of the second thump, 4 or 
5 inches. The rake was not thrown up perpendicularly, but 
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li little to the south. There was a sound with the shock, 
wldch went south also. 

At Crieff^ the effects of the shock are thus described in a 
paragraph which appeared in the newspapers published a few 
days afterwards : 

" On the afternoon of Friday last, about half-past two 
o'clock, Crieff was visited with two fearful shocks of earth- 
quake in close succession. Each was accompanied by a pro- 
longed hollow sound, the motion of the earth being from west 
to east. Every house in town shook severely, and furniture 
was displaced. The inhabitants flocked to the streets in 
great numbers, being greatly afraid. It was said that this 
shock was nearly as powerful as the one felt here on the 23d 
of October 1839. It was likewise felt severely at St Fillans. 
The same day a shock was felt at Glenlyon and adjacent 
places, about three o'clock p.m. It seemed there to proceed 
with great rapidity from east or north-east to west. The loud 
noise resembled exactly that of a heavy coach driving furiously 
upon hard ground, so much so that in many places people ran 
out to obtain a sight of it. Some declared they felt consi- 
derable tremor of the earth, but this was not generally the 
case. It is said that a slight shock was also felt on the same 
day about noon.'' 

A correspcmdent in the neighbourhood of Dunkeld writes : 
— " The shock was very sensibly felt here, as well as at 
Logierait and neighbourhood. A hollow, growling sound, 
somewhat like distant thunder, was heard some minutes after 
two p. M., as if proceeding from nearly north-west to south- 
east. The houses shook, the windows rattled, and the chairs, 
&c. in some instances, danced in their places. I myself felt 
as if the chair I sat on, and the floor, had suddenly sunk some 
inches ; and there was an undulatory motion for about fom* or 
six seconds, which I cannot describe. The sound continued 
some seconds longer. The barometer was about 28i at the' 
time." 

At Aherfeldy^ the earthquake was felt about half-past two 
o'clock P.M. It appeared to proceed from the south-west to 
the north-west, and continued a few seconds. 

VOL. XXXVI. NO. LXXI. JAN. 1844. F 
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Farther information having been applied for from the neigh- 
bourhood of Aberfeldy, the following particulars are given 
from the letter of a correspondent in a purish immediately 
adjoining. He says, that the moat prevalent impression was, 
that the eoncussion came from the south or south-west — that 
some persons " felt a sort of undulating motion as if they 
were sailing in a boat, and others felt the earth heaving from 
below." 

At Ailhreg Caslle, near Stirling, the shock prodnced "a 
rumbling noise as of chairs or tables drawn along the floor of 
the room immediately above." 

At Ghnfinnart in Argyleshire, the shock was felt in the 
manner described in a letter from Mr James Dennistoun, ad- 
vocate, who was on a visit there. " I had jiKt left tlie lunch- 
table, the party remaining round it ; all distinctly heard the 
mmbling noise, and felt the shaking, which, for a moment, 
they supposed occasioned by a carriage, or by some unaecount- 
able movement of furniture by the servants. AVhen it was 
ascertained that neither of these eould be the real cause, the 
party unanimously ex el aimed — " An earthquake !" Mrs D., who 
was confined to bed by a sick headache, had been startled out 
of a slumber by the noise, and felt Jive distinct rockingi cf 
Ihe bed, crossways ; and though she had never felt an earth- 
quake, at once concluded it was one. Her bed was up one 
low storey, and the motion seemed to undulate east and welt. 
Had I been aware of it, I should have noted the barometer 
and thermometer ; but am not aware of anything remarkable, 
except that we had for three successive days a strong north- 
west wind most unseasonably cold, with a good deal of rain. 
On the 28th, the wind was most violent and squally ; on the 
29th, windy with cold and heavy showers ; on the 30th, strong 
gusts, with occasional rain. Glenfinnart is on the west side 
of Loch Long, in a narrow valley which runs westwai'J." 

9fk September 1841. — On the shocks of this date, Mr Mac- 
farlane of Comrib reported as follows : — " On the night be- 
tween the Stli and 10th September, we had several smut 
shocks. The next morning, the association's instruments in- 
dicated as follows : — 

The steeple one was inclined to the south three-quarters of 
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an inch; the Comrie House one was mclined to the north 
half an inch. The severest shock was at ten minutes to 
twelve, the next a quarter past two, and the third at half-past 
four. The first, I have marked in the register, 5 ; the second, 
3 ; and the third, 1. No damage that I have heard of has 
been done. The weather, for the two preceding days, was 
remarkably wet and close, much resembling that in which 
the shocks occurred in 1839, — so much so was the sky the 
eTening previous, that I was remarking to some folks, that it 
looked very like an earthquake night. But I have more than 
once observed the same misty and lurid sky, without any 
shock, — ^so that, after aD, the thing may be a mere coinci- 
dence." 

12th September 1841. — On the day here mentioned, a phe- 
nomenon occurred on the south coast of Ireland, which was 
most probably caused by an earthquake in the ocean. The 
account to be nowgiven,is extractedfrom a paragraph published 
at the time in a Wexford newspaper. It is interesting to ob- 
serve that the sea retired in the first instance, — just as hap- 
pened on the occasion of the Lisbon earthquakes in 1755 and 
1761, — ^and that a few minutes before the reflux of the sea, 
there were '' a number of short, loud, but rather smothered re- 
ports like cannons.'' It is not difficult to understand how 
submarine eruptions should produce, where they occurred, a 
momentary elevation of the sea, whereby the waters would be 
drawn from all the adjoining parts. The reports which oc- 
curred simultaneously with these eruptions, are strongly cor- 
roborative of the electrical theory. 

Singular reflux in the Sea, — Sunday, the 12th (September 
1841) inst. was a misty dark day, with wind S.SW. to S. 
About noon, the low growl of distant thunder was heard, and 
the wind lulled, which rendered the fog more dense. At Kil- 
more, ten miles south of Wexford, and directly opposite the 
Saltee Islands, the attention of the inhabitants was attracted 
about noon-time, to a number of short, loud, but rather smo- 
thered reports, like cannons, and it was supposed that they 
proceeded from some ship bewildered by the fog. The tide 
had flowed pretty well at the time, and the fishing boats in 
the pier were all afloat, when, in the space of two or three 
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minutes, the water receded from the pier, and some, walker 
dryshod where that short space before the boats had beei 
floating, in ^r€ or six feet water. In the course of a 'fe^v mi 
nutes the waters began to return, much in same way as thej 
had receded, and the tide continued to rise for the usual 
time. There was no extraordinary commotion, only an in- 
creased surf. After repeated rolls of thunder, and some 
heavy showers, the sky cleared up. It is the belief generally 
that this singular motion was the effect of an earthquake, 
whose shocks have of late been so frequently experienced in 
Scotland.'* 

2%thNommher\^^\. — That this shock was pretty severe, 
is proved by extracts from the following letters. 

At CoMBiE,..it was felt^as the Bev. Mr M'Kenzie (then 
minister of. the parish) wrote, — ** About 12** 4ft' both the 
sound and the shock were very distinct ; the former very like 
the sound that would be occasioned by a carriage passing along; 
the street, with great rapidity ; the latter causing the house 
to shake three times as much as a carriage would have done.^' 

At DuKiftA, as Sir David Dundas wrote,^— '^ A.shock was 
felt about 1** 15' p.ic., accompanied with a noise, evidently 
proceeding from NE. to SW. The day before had- been 
very wet and rainy. ; ■ but during the night it cleared up to 
hard irost. Some snow^ but not to any depths had fallen 
during the early part of the morning. A sharp frost suc- 
ceeded, and at the time the shock todk.pkoe, it was freezing 
hard. I was shooting at the time, with an English gentle- 
man, who told me, that he observed the trees shake in. a very 
peculiar way, and that it was very much the same sort of 
thing that he had felt in Rannoch, on the night of the 23d 
October. 

20^A December 1841. — At Kintail, in Ross-shire, a severe 
shock occurred at 4 p.m., which greatly alarmed the inhabi- 
tants of several parishes. " There was nothing peculiar in 
the state of the weather, or the appearance of the day, un- 
less it might be a stillness and calmness in the atmosphere, 
which, although remarked at the time, is not uncommon at 
even this season of the year. There was no recurrence of 
the shock. The noise which invariably accompanies such visi- 
tations, like the rushing of water or the rattling of a carriage, 
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was very distinct. We have before noticed the extreme pre- 
valence of lightning, with occasional thunder, in the west and 
north Highlands, this winter ; but the above is the only case 
of earthquake in the same districts which has come to our 
knowledge." 

A few remarks may here be offered in regard to the most 
material inferences from the foregoing notices of shocks in 
1840 and 1841 :— 

(1.) That there was a movement of the earth^s surface, seems 
proved by the facts stated under dates 10th and 22d March 
1841, and 26th and 30th July 1841. These indicate that the 
ground was moved, not merely horizontally, but also verti- 
cally from its previous position, to which, however, it im- 
mediately returned* An undulation of the ground was in fact 
produced. 

(2.) That in the Comrie district, these shocks emanated from 
a point situated a little to the west of the Melville Monument. 
At Ck>mrie, Glathick, and Crieff, the shocks on 18th January, 
7ih April, 26th and 30th July 1840, were respectively per- 
ceived to come from the west At. Dalcfaonzie, the shock of 
30th July was felt and seen to come from the norths sloping 
upwards. At Duaira, the shocks t>a SOth July 1840 and 26tli 
November 1841, came from the NE. In Argyieshire, the 
shodc of 30th July: 1840 came from the east, whilst at Aber- 
feldy, it came from the SW* Any person acquainted with the 
relative situation' of these places, x>r who studies them on a 
map, will perceive that the shocks felt at them, must have 
emanated from the point just indicated. 

(3.) That va most <;ases, atmospherical phenomena accom- 
panied the shocks. 

Explosions, or crackling sounds in the air, are related 
under dates 8th January 1840, 21st April and 12th Septem- 
ber 1841. This phenomenon is the more remarkable, as the 
reports were, on the last of these occasions, heard at sea, and 
were mistaken for the firing of cannon, so that they could not 
be confounded with the subterranean noise, which also accom- 
panies the shocks. 

Several of the shocks took place in violent hurricanes or 
storms, as is shewn under dates 18th January and 15th Sep- 
tember 1840. 
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Haying thus noticed all the shocks of any severity whiclx 
are known to have occurred in Great Britain, during tlio 
years 1839, 1840, and 1841, it may not be uninteresting to 
record briefly the shocks felt during the same period in other 
parts of the world. Data will thus be afforded for ascertain* 
ing — (1.) Whether the shocks in this coimtry occur at or 
about the same time as those in foreign countries, — an opinion 
very generally entertained ;* and (2.) Whether the shocks in 
this country, present the same general features as those in 
foreign countries. 



On Cutting Half 'Bound, and other Curved-Faced Files. By the 
late Su- John Robison, K.H., F.R.S.E., F.R.S.S.A. (Com- 
municated by the Royal Scottish Society of Arts.)t 

It is well known to workmen that, although it be an easy 
fliatter to get fiat-faced files of almost any required degree of 
smoothness and regularity of surface, a half-round file having 
an approach to such smoothness or regularity is altogether 
unattainable at any cost. 

A method having occurred to me of striking half-round or 
even round files with the same smoothness, and with nearly the 
same accuracy of figure, as the flat files, I beg leave to sub- 
mit the process to the Society, that it may, through these 
means, become known to those to whom it may be of use. 

To form a half-round file, either convex or concave, I pro- 



* Mr Maclaren of Edinburgh has supported this view. Thus, with reference 
to the earthquake at Zante, on the 30th October 1840, he observes^ '^ Here we 
have again a remarkable example of the coincident occurrence of earthquakes in 
distant parts of the world. The town of Zante has been ruined by a series of 
terrific shocks between the 34th and 30th October ; and our paper of 31st Octo- 
ber records a shock on the 26th of that month at Comrie. The distance between 
these localities is nearly 1700 miles. The bearing is SE. and NW. It may be 
remembered, that the great earthquake of 23d October 1839, was felt simultane- 
ously at Comrie, in Piedmont, and at Reggio in Calabria, — that is, over a line 
coinciding in direction with the present, and only a little shorter. If we prolong 
the line connecting Reggio and Comrie, farther north, it strikes Mount Hecla^ 
and may thus be said to have an active volcano at each extremity — Etna at the 
one and Heda at the other. It is extremely probable, that we shaU hear of 
earthquakes, between the 24th and 30th October, in the Alps or Apennines, or 
at other intermediate localities." — {ScaUmm of December 1840.) 

t Read before the Society, 12th December 1842. 
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pose that blanks should be prepared as if for thin equalling- 
files (t.^. of uniform thickness and breadth throughout), and 
that they should be struck on one or both faces, of the degree 
of fineness required. This having been done, I propose that, 
by means of a screw-press and swages of copper, or other soft 
metal, they should have the required degree of curvature im- 
{»ressed on them before being hardened, and that, in this man- 
ner, files with curved faces, but with the teeth of equable 
depth all across them, should be obtained. 

In a similar manner I propose to form three- quarters round, 
or even cylindric, smooth files, by cutting flat blanks on one 
face, and then bending them on steel mandrils into a tubular 
form previous to hardening them. 

On conununicating this plan to the eminent manufacturer 
Mr Stubbs of Warrington, I learned from him that something 
of tiiis kind had been attempted by his house, but abandoned 
on account of the difficulty experienced in getting the files into 
the curved shape after they were struck. Mr Stubbs at the 
same time sent me a file so made, thirty years before. This 
file at once explained how the difficulty had arisen, as, instead 
of the blank having been made of uniform thickness and 
breadth, it has been fashioned like an ordinary crossing file, 
and therefore not susceptible of being squeezed into the re- 
gular curved shape by simple pressure. If Mr Stubbs had 
thctught of making the flat blank, he would no doubt have suc- 
ceeded better ; and the formation of tubular files, which he ac- 
knowledges never occurred to him, must have followed the 
other at a short interval. 

EDUTBiTBaH, Noveinber 14, 1842. 

REPOBT or GOHMITTEE, 

Agreeably to the remit made to us by the Royal Scottish Society of 
Arts^ of date &e 13th December last, on a paper read by Sir John Robi- 
son, K.H., on cutting and manufacturing half-round and round files, — 
your Committee beg to report, that they have also had remitted to 
them three half-round pillar files, manufactured by Messrs Johnson, 
Cammell, & Co., Shefiield, which were exhibited at the Society's meet- 
ing, on the 23d instant, made in the manner suggested by Sir John. Two 
of these files were cut on the convex side only, and the other on the 
concave side also, and appear to your Committee to be very fiur speci- 
mens as a first trial, although they are not so straight, and of so xmiform 
curvatore, as might be required. 
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Yottr Committee are quite satisfied that the plan proposed by Sijr 
John Robison is eligible, and that, when suitable tools have been pro- 
vided for creasing them into their proper form, and the workmen faavo « 
had experience in using them, they will be able to produce half-round 
files very superior to those cut in the usual way for certain kinds of^ 
work. The smoothness of the cut will give the new files a decided pre— 

ference. 

Your Committee beg to remark, that the file cut on the concave side 
is the only one they have ever seen. As to making three-quarter round 
or even cylindrical files on the principle suggested by Sir John Robison^ 
your Committee see no objection ; — difficulties may occur to the makers 
in the first instance, but it is to be hoped these difficulties may be over- 
come by experience. 

On the whole, your Committee conceive that Sir John Robison's plan 
of cutting and forming half-round and cylindiic files with continuous 
teeth, will be a decided improvement in a certain class of files, and that 
the improvements are deserving of the marked approbation of the So- 
ciety. James Milne, Convener. 

Edinbubgh, SOth Janua/ry 1843. 

Extract from letter Messrs Johkson, Camjcell, & Co., Sheffield, to the 
late Sir John Robison, K.H., F.R.S,E., February 13, 1843. 

The plan we have hitherto adopted in turning the half rounds, has 
been by top and bottom hand-swages of block-tin, that is, by placing the 
heated file on the bottom swage or groove, and turning it by hammering 
the top swage or mandrel into the bottom groove. This was the simplest 
method we could adopt to try the practicability of your communication ; 
but we find it is not sufficiently powerful to effect and ensure in all cases 
a regular curve, and which we suspect has, in a great measure, been the 
cause of our failing in the hardening. 

We have now ordered tools, say swages, &c. of copper, to be applied 
under the screw-press, and by obtaining the curve the whole length of the 
file gradually, and by one pressure, we hope will obviate our previous 
difficulties ; and not leave those cranks or weak places, caused by the 
hand-blow, and which in all cases shrunk or twisted in the hardening. 
We expect in a few days to send you a few specimens from this process. 
We have also considered your plan of turning by copper rolls, but fear, 
from the causes herein named, it will not be very practicable. In all 
cases of steel-rolling, the steel has a strong tendency to follow and carl 
up after the rolls ; inordinary cases of plain steel it can be easily reme« 
died and straightened ; in this ease the file would curl up after the rolls 
on the convex side, and in adopting any plan to keep it straight from the 
rolls, it would be liable to open out or disarrange the curvature of the 
file and injure the teeth. Again, we suppose in rolling there would be a 
danger of flattening or injuring the tooth of the file, unless the metal 
fotming the rolls was nearly as soft as Uie heated steel ; and if of the 
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flame temper, the rolls would be eoatinaally out of order and require 
icnewing:. 

We make these few remarks, desirous of putting you in possession of 
our mode of proceeding, and the reasons ; and which may probably elicit 
some improvement from your scientific experience. 

We could easily by various means turn the heated steel into any 
form of curve^ but in adopting the means^ liie object in view must be to 
preserve the proper sharpness of the tooth, which in this heated state by 
undue pressure or by hard metals is so liable to be injured ; we trust, 
however, our next specimens will prove that these difficulties have been 
overcome. Johnson, Cammell, & Co. 

James Tod, Esq., Secretary, 
Itoyal Scottish Society of Arts. SHsr field, November 7, 1843. 

Sir, — ^We are fisivoured with your esteemed letters of the 2d and 4th 
instant, with their enclosures, and are obliged by your kind attention. 

We now have pleasure to hand you (as requested) extract from our 
letter of Febraary 13th last, to the late Sir John Robison, explaining the 
mode we then adopted in the manufacture of the half-round files from 
steel of parallel thickness, as suggested by him, viz., by means of a 
screw-press and swages of copper, and which we see is the plan named 
in the paper communicated to the Society^ 

From the specimens sent you last week, you will perceive we have deviat- 
ed from the plan first suggested ^' of cutting them from blanks of steel pre- 
pared as for a thin equalling-file.'' We, however, did not give up this plan 
until, from practical experience, we found its working very uncertain and 
irregular, for the file being of uniform thickness, the edges presented an 
equal or greater degree of resistance to pressure, than the centre ; and the 
top swage or boss coming in contact with the centre of the file previous 
to any other part, caused it to bend more freely than the edges, produc- 
ing various degrees of curvature in the same file. Again, if our top boss 
was so shaped as ^to create an earlier and freer pressure on the edges, 
to ensure a more uniform curve, we then endangered the sharpness of 
the teeth on those parts of each side of the file, convex and concave, 
first receiving such undue pressure. These objections and difficulties are 
all overcome or lessened by our present mode of cutting and turning the 
files fr^m steel with slightly tapered edges, on one side, thus, -^ -^ 
The flat surface is cut with a •continuous tooth, and can be turned either 
convex or concave, and the tapered surface can either be cut in ridges 
or left safe, or uncut, which, from the following extract, you will perceive 
was Sir John's first idea. In Sir John Kobison's first communication, No- 
vember 10, 1842, after recounting the difficulty of obtaining a smooth 
half-round file or one of equal continuous tooth, he says, — 

'' I propose to overcome this difficulty, and to cut half-round files as 
truly smooth as fiat ones are now struck, by making the blanks of rolled 
steel-plate ; by striking them In the flat state, and by afterwards giving 
them the degree of curvature required by means of a screw-press, and 
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tin or copper swages ; or else by passing them between grooved and fur 
rowed rolls (of soft metal for the struck side),*' evidently implying tha 
one side would be unstruck or uncut. In fact^ for some time at first i^< 
only attempted to cut one side of the file^ and frequently now we an 
requested to leave sometimes the concave and at others the convex suT' 
face blank or uncut. 

We trust these crude remarks may be of interest^ as giving a reason 
for our discontinuing to cut and press these files from steel of parallel 
thickness^ and if you choose to embody any part of them in your report^ 
you are at perfect liberty. We have not the slightest objections to Sir 
John's paper being printed in your Transactions ; and if any of our re- 
marks are not perfectly clear^ we shall be happy in giving further ex- 
planations.* 

It must be highly satisfieu^ry for the friends of the late 8ir John Robi- 
son (and your Society in so freely noticing it), to learn that the invention 
is considered by eminent engineers and practical men, one of the first and 
best improvements in file-manufacturing of the day. Always at your 
command, we are most respectfully. Sir, your very obedient servants, 

JOHNSOK, Gakkell, & Co. 



An Account of Experiments with Thermo-Hydro-Electrical 
Currents^ with an Examination of the Metals exposed to Ther- 
mo-EUctnc Action, By M. R. Adie of Liverpool. Con- 
cluded from p. 353 of preceding Volume (Vol. XXXV.) 
Communicated by the Author. 

19. The arrangements described (17 and 18) appeared to'me to be worthy 
of further attention, to ascertain the variations in the amount of chemi- 
cal action performed by two opposing thermo-electrical currents, which 
are much influenced by climate. The experiments made with these cur- 
rents, now about to be given, have been conducted in the midst of a large 
town, where there are many local disturbing causes to affect the results ; 
they should be received, then, more for shewing the general action of 
the currents under examination, than as correct results for this climate. 
The season through which they have extended has been remarkable for 
passing from one extreme to another ; beginning with a very cloudy, bad 
spring, next an indifferent summer, and then a fine autumn, the autumn 
including six weeks, from the middle of August to the end of September, 
of the most powerful sunshine for the season of the year ever remembered. 
In April last a thermo-electric battery, ^g. 1, was placed, with the 
upper half exposed to sun and sky, and the lower half screened ; the vol- 
tameter contained silver poles, and argento-cyanide of potassium in solo- 

• Messrs Johnson, Cammell, & Co., obtained the Society's Honoruy Silver 
Medal for their speoimeiis of Files cut on Sir John Robison's method, 13th 
November 1843. 
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iion ; it was attached near to the upper joints of the hattery^ on the 
south face, and^ like them, yaried its temperature with the weather. The 
poles weighed 1 grain each on 2l8t April. On 2l8t August^ after four 
months' exposure, the poles were reweighed, when the difference in 
weight was found to be 0.12 of a grain ; the negative pole for the day 
current being the heayier, shewing that the silver has been deposited by 
Bolar radialion. 

20. When the yoltameter attached to the battery is maintained at a 
uniform temperature of about 90° by means of a sand-bath, the current 
generated chiefly by astral radiation, preponderated over the day cur- 
rent in April, when the sun was more than twelve hours above the hori- 
zon. To examine the influence of the fluctuations of the weather on 
this arrangement : A battery, fig. 1, was placed with the upper half ex- 
posed to sun and sky ; two copper wires were soldered to its poles, then 
conducted inside the house, and permanently attached to a galvanometer 
fixed at the distance of 15 feet &om the battery. With this instrument 
I was enabled to watch through the stimmer the changes in the force and 
direction of the currents. The summary of these observations is, 1st, 
For a clear sky, the indications are constant as to direction ; from one 
to one and a half hours after sunrise, to within the same period of sun- 
set, the exposed joints of the battery are heated, and for the remainder 
of the twenty-four hours, the same joints are cooled by radiation. The 
time stated betwixt the rising or the setting of the sun, and the change 
in the direction of the thermo-electrical currents, is given as the ayerage 
interval ; for there are occasions when the time intervening betwixt the 
change of the currents and the rising or setting of the sun is much longer 
or shorter. The most frequent cause of these changes in this interval 
is, when the general aspect of the sky is clear, with clouds on the hori- 
zon near where the sun rises or sets. 2d, In dry cloudy weather the 
action of astral or solar radiation is much checked ; but this state of the 
sky rarely alters the direction of the current due to the period of night 
or day at which the observation is made. Sd, In wet unsettled weather : 
Bain falling for hours without intermission, nearly suspends the action 
of tiie battery either by night or day. But by day the light or intermit- 
ting summer showers produce by far the greatest variations in the force 
and direction of the currents generated by the weather. The showery 
weather, so common during our last spring and summer, by wetting the 
exposed and previously warmed portion of the battery, produced a ther- 
mo-electrical current corresponding to that derived from the radiation 
to a clear midnight sky, and often exceeding it in intensity. 

21. The continuation through the summer and autumn of the experi- 
ments where the battery, fig. 1, was employed to deposit silver in a vol- 
tameter at a uniform temperature of 90°, enables me now to state the 
observed changes through the four seasons. From January to the end 
of April there was a constant deposit of silver by the current due to 
astral radiation ; the rate of this deposit gradually decreasing as the 
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spring advanced. From May to the 2l8t June tbe two opposing ciiar— 
rents were on the whole period so nearly counterbalanced, that I coiild- 
discern no action ; but at the beginning of May the night-current slightly 
preponderated. In July, August, and September, the day-current -vrcusi 
slowly depositing silver. October liiere was no perceptible actioxx* 
November the current due to astral radiation again begun to deposi'fc 
silver, and this action may be expected to continue till next spring o^ 
summer. 

These results differ considerably from the experiment where the toI— 
tameter was exposed like the batteiy ; Ihey shew a much feebler action 
through June and July, when the sun was nearly two-thirds of the time 
above the horizon, than in the first experiment (19) ; in it the opposingr 
currents developed by day showers, and by astral radiation, are nearly 
powerless, on account of the reduced temperature of the voltameter (11^. 
In the other, where the decomposing cell is maintained at an equal and 
elevated temperature, the current caused by day showers, or by astral 
radiation, is as effective as the solar radiation current. To the showery 
unsettled weather of May, June, and Jtdy, I can alone attribute the mi- 
nute action observed ; for in September, when the weather had changed 
to be remarkably fine, the solar current became more effective in depo- 
siting silver than it had been in June. 

22. The galvanometer permanently attached to a thermo-electric bat- 
tery (20), was at mid-summer exposed for two or three hours every 
morning to the solar rays ; thb deflected the needles of the instrument 
as much as 20°, when the helix was hot connected with the batteiy. M. 
Becquerel and others have already noticed similar deflections, in experi*- 
ments of this kind, where they were found to be caused by small upris- 
ing currents of heated air ; but, at tiie time, as I thought that a change 
in the magnetic intensity of the upper needle, from its elevated tempera- 
ture, and also local currents in the copper coils of wire, might operate to 
produce a part of these deflections, I removed first the coils of wire, 
which made no change ; next the diaphragm or compass card interposed 
betwixt the two needles, so that the rays of the sun now acted equally 
on both of them ; this alteration increased the deflection, shewing streams 
of heated air rising from the upper needle to be the active force which 
produced the deflection of 20° in the complete instrument, when in the 
sun's rays. 

23. While engaged with the last experiments, they appeared to me to 
point out where to look for the explanation of a curious instrument, Mr 
Watt's sun needle, which I had seen many years before, under my father's 
care, rotating by the action of the solar rays ; and as I am not aware 
that the cause of this rotation has yet been shewn, I will briefly state 
the result of some experiments, which refer it to small uprising streams 
of air, generated in their highest energy on metallic surfaces. 

Mr Watt's instrument consists of a light piece of wood, with agate 
centre, in form resembling the needle of a mariner's compass ; on the 
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extremidea of each of its armB there is fixed a star, each staf composed 
of aa equal number of sewing-needles, about 25 ; these needles are mag- 
netized to saturation. The arrangement is made to float on a fine steel 
pointy by which the agate centre is supported, and the whole coTered by 
a thin glass shade to protect it from currents of air. A slow rotation 
of the stars round their centre of support, is produced by the rays of the 
bright sun, which continues so long as the air surrounding the needle 
receives heat from them. The needles in the stajfs are in planes vertical 
to the plane of the horizon. On turning them through 90^, so as to be 
paiallel to it, the rotation entirely ceases^ 

Two slips of wateh-springj 3 inches long, of the same weight, and 
magnetized equally, were fixed on the ends of a light piece of wood with 
agate centre^ similar to that used for Mr Watt's sun needle. 
A A. A light horiaontal needle of 
wood. 
B. Agate centre. 
C C. Pieces of metal of equai^ 
weight. 
D. Support with fine steel point. 
££. Stand. Weight of needle and 
agate 5 grains^ exclusive 
of the pieces of metal C CL 
. The planes of are inclined 
about 5P to the vertical planer the 
one dipping to the right side of the 
anna A A^ the other to the lefl;^ so 
as to- balance on B the centre. 

Under a thin glass shade exposed to the solar rays^ these two pieces 
of watch-spring rotated as well as Mr Watt's needle ; and as this took 
place without reference to whether the poles pointing to the earth 
were like or unlike, I was led to infer that magnetism had nothing to do 
with the rotation : which was soon confirmed by changing the magnets 
for pieces of unmagnetized watch-spring ; then for slips of copper ; and 
next for pieces of bismuth^ the most imperfect conductor of heat among 
tiie common metals ; with all of these the rotations were easily obtained. 
To succeed with magnetised pieces of steel is more uncertain, for if the 
arrangement is not very nearly astatic^ the needle will only oscillate to 
and from its point of repose, or change its positioo in azimuth as the I9un 
passes through the sky. 

The sun^ in this country, is not powerful enough to produce rotations 
when inferior conductors of heat are substituted for the metallic slips CC; 
wood^ cork, charcoal, were tried in June without success. As these 
organic substances exposed as much surface to the action of currents, 
which the sun's rays may he expected to give rise to within the shade, 
their remaining at rest shews, that the other rotations with copper or 
bismuth were not produced by those currents. 
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A familiar illustratioii of theibrce deriTedfirom small uprising cuzrente 
of heated ear, is shewn by two equal weights in a delicate balance, 'wliere 
the beam stands at zero when the weights are of equal temperatoze. Heat 
one of those weights 20° degrees above the other, and replace it in its 
scale, then it appears 100th or 200ths of a grain lighter than at the first 
weighing, occasioned by the streams of air now rising from its surfaxse« 
On the surfaces of both pieces of metal G 0, this minute force maybe de^ 
veloped by the power of the solar rays, and by slightly inclining the slipa 
of metal out of the vertical plane, so as to get the force of the streama 
of air, rising from each piece, to act in the same direction, the rot&tion 
in question is produced. The experiment succeeded best under a large 
shade, where the contained air is not soon heated by the sun's rays ; 
with thin slips of metal the motion commences in 25" or 30'' after un- 
screening ; but with stout pieces of metal, which I have had as heavy as 
35 grains each, it is some time after exposure to the sunimtilthe motion 
begins, and again the rotation endures, for a corresponding period, after 
the needle is screened. 4 or 6 arms, each carrying a slip of metal like 
C, may be used with advantage, to give steadiness to the rotations. 
With a 6-arm arrangement 1 obtained regular rotations by the rays &omi 
a clear coal-fire, but not under a glass shade ; for this experiment, side- 
screens must be used to prevent the interference of currents of air. The 
rotations produced by the fine bright sun of mid-summer form striking 
and beautiful experiments. 1 took great interest in them in June last, 
from the expectation that simple arrangements, like fig. 5, might serve 
for actinometer measurements ; but at present 1 am afraid that the force 
which turns them is too feeble to admit of being formed into a scale for 
this purpose. Where the pieces of metal on the extremities of the arms 
A A are magnetized, however much the forms or number of pieces of 
those slips of metal may be varied, there will always remain in the whole 
arrangement some degree of magnetic polarity. Several variations in 
the action of Mr Watt's needles can be produced by changmg the in- 
tensity of this polarity ; when the magnetic force is very feeble, and tfae 
metal surfaces well placed for the development of the npriising streams 
of air, the rotation takes place ; but when either the magnets are so 
placed to give rise to feeble uprising currents of air, or the magnetic 
polarity is increased, then the needle is deflected out of its statical posi- 
tion, like the galvanometer needles (32), and there is no rotation, the 
change of the sun^s place in the sky varying the amount of that deflec- 
tion. 

Cold streams of air playing on the side of the shade act on the same 
principle as the solar radiation, for the radiation on the suddenly cooled 
side of the shade then gives rise to streamlets of air descending from the 
surfaces of the metallic slips. On these views, a needle which I am in- 
formed points to the direction of the wind, may be explained ; and in 
all of the arrangements, I think it will be found that it is the streamktt 
of air rising of, or falling /romy the metallic tur/aeeSp which produce the rota- 
tions or changes in the position of the needles. 



Jfydro-Electrical Currents. 85 

Hyd/ro-Eleetrical Current9, 

24. Ab the decomposing cell^ fig. 4^ attached to a pair of zinc and 
copper plates of half an inch superficies each, excited bj water, pure 
at the commencement of the experiment^ could perform a greater variety 
of chemical decompositions^ than a thermo>electrical current derived 
from a bismuth and antimony joint heated till the bismuth fuses, it ap- 
peared to me to be readily applicable for some experiments with hydro- 
electrical currents. 

Platina poles> sheathed with glass that they might present a very 
small surface to the fluid to be decomposed, were inserted in the vol- 
tameter, which was afterwards filled with water acidulated by sulphuric 
acid. The lowest electro-motive-force capable of effecting decomposi- 
tion in the above arrangement, was derived from 3 pair of zinc and cop- 
per plates excited by water only ; with a saturated solution of common 
salt in the decomposing cell, instead of sulphuric acid and water, 4 pairs 
of those plates were necessary. Although the size of each plate was 
only half a superficial inch, the minute bells of gas might be seen for 
hoirrs to rise from the sur&ces of both poles. 

25. The difference betwixt the intensity of electricity from hydro and 
thermo sources is well shewn in two experiments with the voltameter^ 
fig. 4^ filled with a saturated solution of iodide of potassium in water, 
and a piur of pure silver poles for the first experiment, and copper poles 
for the second. The iodides of silver and copper, although insoluble in 
water, are readily dissolved in a solution of the iodide of potassium. 
The most intense thermo-electrical current I could command produced 
not a trace of decomposition in the voltameter with silver poles and 
iodide of potassium in solution. But if a hydro-current from a single 
pair IS i>assed through the same voltameter for a few minutes, a new 
compound is formed, the iodide of silver dissolved in iodide of potas- 
sium ; this a thermo-current can readily decompose, so that in the vol- 
tameter, where before no effect could be produced by this agent^ silver 
now rapidly deposits on the negative pole through its influence. With 
copper poles instead of silver, the second experiment differs from the 
first, in so far, that there is a minute action by a thermo-current, before 
a hydro-current has been passed through the voltameter ; but after the 
application of a hydro-current, the rate of deposition of the metal un- 
dergoes a marked change, and the iodide of copper is now found in the 

solution. 

26. With the voltameter, ^g. 4, arranged with glass-sheathed platina 
poles, so as to expose a surface of yi^^y of a superficial inch to the elec- 
trolite, the electrical spark appears^ whenever the gas, disengaged at 
the poles, is given off* with sufficient rapidity, to envelope them in its at- 
mosphere. Thus a surface small enough to give a spark on the pole 
where the hydrogen appears^ is often too large for the development of 
the- spark where the oxygen appears; this is clearly shewn in a volta- 
meter, where the superficies of one pole is greater than the other, for 
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when the large pole is on the hydrogen side, sparks may be obtained in 
both gases ; then reverse the yoltameter, and the hydrogen side only Trill 
shew sparks. 

27. The cell, ^g. 4, was used to carry on electrolysis under great pres- 
sure, when it appeared that a high pressure &om hydrogen could chaxig'e 
the action from one where gas was eliminated, to another where metal 
was deposited in lieu of the hydrogen. This takes place with many o£. 
the metals, but the account of an experiment with copper poles decom- 
posing water acidulated with sulphuric acid^ should sufficiently illustrate 
this kind of action. 

The yoltameter is hermetically sealed ; electrolysis begins with tlie 
formation of the black oxide of copper at the positive pole, and bells of 
hydrogen rise from the negative pole ; the gas eliminated, rapidly in- 
creases the pressure in the voltameter ; a blue solution of the sulphate of 
copper soon appears between the two poles ; hydrogen then gradually 
ceases to rise, the last bubbles of gas adhere to the pole ; at this sta^e^ 
with the voltameter in the focus of a microscope, a brown film appears 
to coat the gas-bells attached to the pole, which changes to be more aini 
more opaque, until the exterior surfsice of a beautiful sphere of copper ap- 
pears in the field of the instrument. Now nip off the point of the capillary 
tube, so as to remove the pressure in the voltameter ; immediately, the 
original action recommences^ viz.^ oxide of copper at the positive pole^ 
and hydrogen at the negative pole, and continues until the solution of tke 
sulphate of copper becomes strong enough to allow the precipitotion of tbe 
metal to go on under atmospheric pressure. Here the compressing force 
merely efibcts a change quickly^ which, under ordinary circumstances^ 
would have been brought about by time, so that with compounds of as 
evanescent kind, this mode of manipulating may be useful. 

28. A number of decomposing cells^ ^g. 4^ were prepared with a pair 
of poles, of each of the undemoted metak, and fiUed with a saturated 
solution of pure common salt ; to ascertain how many of them could be 
oxidized at the positive, and deposited in a metallic form at the negative 
pole, through this wide- spread solution; Deposks on tke negative pole 
appeared in leaf-like forms while using poles of silver, copper, tin, zinc. 
The last metal is difficult and uncertain ; in the majority of the experi- 
ments, the cells burst before any zinc appeJored. Deposits on the nega- 
tive pole were obtained in a pulverulent form ; for antimony, palladium, 
and platinum^ black ; cobalt, dark brown ; gold, dark purple ; arsenic^ 
a flocculent dark brown ; mercury, whitish grey. The antimony and 
platinum required a high pressure before their deposits appeared. Iron, 
lead, bismuth, cadmium, and nickel poles, eliminated hydrogen until 
they burst the strongest cells ; but of these five exceptions, three of them 
can be transferred through another element of sea-water^ iodide of potas- 
sium or sodium : when this solution is substituted for common salt, lead 
is obtained in beautiful leaves at the negative pole, bismuth and cadmium 
as dark powders, in the 16 pairs of poles of difierent metals tried, there 
are only two from which a metallic deposit on the negative pold cannot 
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be obtained with solutions in the decomposing cell which are found in 
Ifae watos of the ocean. Of these two, nickel; I could not procure in a 
fomi to admit of high pressures being well tested ; for the other, iron. 
Da a strong voltameter filled with a saturated solution of common sajt^ 
and p<^e8 of this metal, tiie decomposition of water proceeds readily hf 
ihe electro-motile force of one hydro-couple giving off hydrogen at the 
negatiYey and a large dusky green insoluble deposit at the positiye pole \ 
afttf three or four days' slow adion^ the bulky deposit assumes a clearer 
but dark hue, and eventually the pressure from the hydrogen bursts the 
vesseL 

The currents for these decompositions were all of them derived from 
^ring or rain water acting on 1, 2, 3^ or 4 pairs of small zinc and copper 
plates ; the number of the plates being varied to supply the electrical 
force required for the poles of the metal under examination. 

The MetaU eoepoied to Thermo-EUctric ctction. 

29. While engaged decomposing metallic salts by a thermo-electric 
couple of copper and antimony fused together to form a joint, and ex- 
cited hy enveloping the joints in a blue gas-flame^ I was struck by the 
CBpid destruction of those joints, few of them enduring 48 hours* As 
both of the metals were much oxydized^ I at first attributed to Ihe oxi- 
dfttbn the change noticed. But the same appearance presented itself 
in the battery employed for the experiments described (9) ; there the 
joints are not in the flame, and as the parts of the bars around them are 
oidy coated with a thin film of oxide, corresponding in appearance, to a 
foil straw colour on steel, the disruption of the joint which separated 
with a slight touch, could not be assigned to the oxydation of the metals* 
From further investigations of this change in the finacture^ I found it a 
ocmstant accompaniment of the unequal heating of thermo-electric bars 
at temperatures above 300° ; but it is so very slow^ that forty days of the 
most energetic action of antimony and bismuth couples is necessary to 
render the first trace of a dull fracture distinctly visible ; and with bars 
of other metals less adapted for developing thermo-electricity than anti- 
mony and bismuth, the disruption is not so rapid, the temperature of the 
joints heing equaL 

At low temperatures, it would be a valuable experiment which could 
establish this change in the joint. So &r as those I have instituted for 
this purpose have gone, there is not a trace of the action ; the joints of 
a battery, fig. 1, weathered for a year, are as sound as new ones. But 
if the thermo-current given during 40 days' action of the battery, fig. 2 
(9), must be developed, by a weathered battery, to effect decompositions 
to the same extent as in the first, then an estimate founded on this view, 
with the experiments (11, 13^ 19) taken as data, shews a period offiwm^ 
40 to 50 years to be required to produce the change sought for. 

30. When Ihe joints were found to be subject to a gradual change, an 
experiment was made to ascertain if a long-used joint lost any of its 
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thermo^leoirioal energy. With the arraagement described (9), the 
<^ decompoiitioii per diem by the battery vas taken at the end of 90 
days' conthiued action, when I was certabiy from previous experimen'ty^ 
that the joints had greatly changed ; they were then resoldered, and thc^ 
Toitameter attached, in as nearly as practicable the same condition as foar 
the first rate. This experiment shewed no alteration in the rate, from- 
which we may infer, that thermo-electrical batteries are capable, at mo- 
derate temperatures, to generate their currents for almost an indefinite^ 
length of time. 

Two single pairs of antimony and bismuth 
bars, ^g, 5y decomposed sulphate of copper, 
and Argento-cyanide of potassium, for two 
months respectively. 

a antimony bar, b bismuth bar, weight of 
the pair 19 grains, / projecting point made 
to touch a blue flame, e e the poles, d c de- 
eOmposing cell same as fig. 4. 

A thermo couple of antimony and bismuth bars, soldered by pure bis- 
muth, and excited like battery described (9) for 120 days, separated in 
Hie joint, at the end of this period, by a light touch ; and a snuUl quarUity 
of the bismuth ai ihe part vhere it has been in eontast foith the anHmony^ 
nibbSd (ff ina puhertUent form. The antimony at the soldering was «n- 
altered* This experiment appears to me to be of Talue, to shew the na- 
ture of the change in metals attendant on thermo-electrical actions. 

31. I now entered on a series of experiments, to ascertain the altera- 
tions in the texture of metals, and their changes in density firom anneal- 
lag, as shewn by the balance, their fractures, and the galvanometer ; of 
these it will be sufficient here briefly to notice the results. 

Oast bars of antimony, bismuth, and zinc, never changed their fractures, 
although annealed for four months at a temperature little lower than 
their melting heat. The grain of some of the specimens tried, was of a 
fine imnatural texture, occasioned by casting in a cold metal mould, yet 
the annealing made no alteration in this grain. Rolled zinc, where the 
crystals have been bruised, undergoes a marked change by annealing at 
temperatures 30° higher than our summer weather ; but the extent of 
the change to a larger grain is much governed by the annealing tempera- 
ture ; thus, with a temperature of 150°, it is impossible to produce the 
same size of grain as 250° gives, although the time of annealing the first 
is prolonged ever so much beyond the period allowed the second ; but 
annealings at low temperatures required more time for the fiill develop- 
ment of their change than was necessary for higher temperatures. 

With iron I have found the same order to prevail in the results ; bat 
it requires high temperatures for all those changes, to be recognised by 
the balance or the fracture. Iron softened at 400^^ for 3 months, did 
not sensibly change the specific gravity. Soft steel retains its density 
with remarkable uniformity ; although, in hardening,^ the loss exceeds 
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1 per e«&t. in density^ ilufl piocesi was repeated fifty snceessire timet« 
wilioiit aay change in the specific gr a T ity, when tested in a soft state. 

Antimony a^d hietmuth barS; when often heated and immersed in eold 
water, lose density on each repelation of Ihe heating and immersion ; 
fiiey become hollow in the centre> and full of fissures ; zinc bars con- 
imiie solid under the same treatment. The following metals lose density 
¥y aaaealing :— Bismuth, zinc^ lead> tin^ copper, silver, iron, gold, pUh* 
taum. Antimony cast in a cold mouldy and hard steel, gain density by 
annealing. Zine, cadmium, lead, and tin, gain density when poured on 
ice, compared with the same pieces poured on a flat surface, and slowly 
cooled. Antimony and bismuth shewed no change in density when 
treated like zinc, cadmium, &c.; but when cast in a confined eold 
metal mould, in bars similar to those used for battery, fig. 1, they lose 
about ^ffth of tiieir specific gravity. Cbpper and silver lose density when 
poured on ice, or on cold metal surfaces. 

in these experiments^ bismuth and antimony resemble hard steel, in 
80 iar aa the process of hardening is concerned ; but in the annealing, 
antimony only follows the same change as the steel, and gains density. 
Bismuth, when cast in a metal mould immersed in dry snow, loses^cV part 
of its density in the lower portion of the bar, yet a still further loss of 
^^nt xhv P^ i^ produced by annealing ; while antimony, cast under 
dmilar circumstances, sufibrs the same loss of density ; but with annealing 
always regains part of the loss. 

In comparing the changes in the densities of the metals fbr equal in- 
terrals of temperature, in the foregoing experiments, bismuth passes 
tiirough the widest range of variations, then follow zinc and antimony. 

32. Experiments with antimony and bismuth couples were now made, 
to ascertain if, while they were engaged to develope thenno-currents, 
the same changes in density took place; the mean density of three speci- 
Biens of bismuth changed during twenty-one days' action from S.G. 9.853 
to 9.838, three specimens of antimony for the same period S. G. 6.645 to 
6.670. The direction of these changes agree with the former experiments 
where the metals are operatiBd on singly. At first nght I expected they 
would exercise much influence on the energy of thremo-electarical cur- 
rents developed by antimony and bismuth ; but from a number of clear 
experiments with bars in diEPerent states combined in thermo couples, 
I have found the more nearly the bars approach to their nuturcU denaity, 
whei^ in a soft state, the better they are adapted for enevgetio action in 
combination with another metal. The experiment which first shewed 
me this fact, should sufficiently illustrate the whole of the class. A bis- 
muth bar, combined with a bar of soft steel, and attached to the galvano- 
meter, was heated by oil to 95**, the deflection in the galvaQ<Hneter was 67*« 
The bp.r of steelwasthenuntiedto harden it; after hardening, the arrange- 
ment was now replaced, to be in every respect the same as before, when 
the couple of bismuth and hard steel shewed a diminution of 2'' in the 
deflection of the galvanometer needles. This experiment was many times 
repeated with other elements, all of which agreed in shewing a result 
similar to the above, and to develope the greatest amount of electricity 
from a given couple. Both sides must he thoroughly annealed ; hard bismuth. 



100 Mr R. Adie's Experiments nriih Thermo- and 

in connection with bard antimon j« are not so effecttye lor thermo-4 
aq these metals in a soft qtiiescent state. 

33. When thermo-electiical currents deyeloped in wires or thin pie< 
of one metal are examined, an opposite order prevails ; for the further «■ 
portion of the metal can be forced from its natural density, the better ttiIS 
the arrangement answer as athermoMM>uple; a hard and soft piece of aii3r 
metal form a piEur of elements, and thdr point of junction correspondi^ 
to an ordinary thermo-joint. A slip of watch-spring with a part- in^its 
centre hardened by heating and quenching in water, is a good specixneiK 
of this kind of thermo couple; for by heating the point of junction of tho- 
two densities only lOo above the adjoining parts, distinct eyidenee of e^ 
thermo-electrical current is given. 

M. Becquerel has shewn, that, when a portion of wire is hammered or^ 
twisted, a current of electricity is found passing when the part is heated ; 
here the density of the metal has been changed, and the galvanometer 
merely tells, that, in all probability, thetexture of the wire is slowly equaKz- 
ing; however this may be, the experiment suggests an application of the gal- 
vanometer, which renders it a most delicate test of any change in the deHsity" 
of metals. For this purpose, a wire of the metal which the operator de* 
sires to test, take for example iron, is repeatedly drawn through the 
draw-plate to harden it; this hardened wire is then fled into two halves ; 
the contiguous parts where it has been cut are now tied together with- 
out twisting, and the necessary connections of the other extremities 
made with the galvanometer. On heating their points of contact, no eleo- 
tiicity is detected. But when one of the halves of the wire has been an- 
nealed for three weeks at 400**, then again tied to the hard half, and the 
foregoing experiment repeated, the galvanometer immediately shews the 
passage of a current from the soft half to the hard^ thus proving that 
the temperature of 400" has effected a change in the iron, which so &r 
as I have been able to test, cannot be detected either by examining the 
fracture or trying the specific gravity. 

34. The direction of the thermo-electrical current developed betwixt 
hard and soft portions of the same metal, either in two separate pieces> 
or^ what is more convenient, in one continuous piece, where the nature 
of the metal examined admits of this, was now tested in bismuth and 7 of 
the malleable metals, and for all of them found to be from the side of the 
joint which woe losing density to the hard part qf the wire or bar. Steel, 
hardened and made dense by hammering, agreed with the above 8 metals. 
But steely hardened by quenching in water, and antimony cast in a cold 
mould, and formed into couples, with soft steel for the former, and anti- 
mony cast in a mould heated nearly to redness, for the latter, the direc- 
tion of the electrical current, with reference to hardness, appeared to be 
reversed ; yet there is no change, when examined, with reference to the 
action in the joint, fbr in the two last cases the hard portions are gaining 
density, while in the 8 other metals the hai^d portions lose density. 

The consideration of these experiments with metals in difTerent states 
of density, together with the experiment described (30), where an ener- 
getic thermo-current appears to be produced in a vast quantity, from a 
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dow diBintegration of the bismath^ suggest to me the view^ that the 
ihermo-electrical current in a joint, as a general principle, passes from the 
nde wkuA is charkging towards that which remains mere stationary ; and to 
develope it in its lughest energy, the couple should consist of a change- 
able half (bismuth) and of a fixed half (aniimonj). To this view it may 
be objected, that the experiments given above shew that antimony is a 
netal which can be forced through considerable changes in density, but 
tbeyalflo ^ew that such alterations are injurious to its action as a negative 
tiiermo-electric (32) ; and further, it differs from other metals in gaining 
densily by annealing, so as to approach to its natural statical state. 
When both sides of a thermo-couple are changing, then the current re- 
presents the bahince betwixt the two actions. Where a reversal of the 
cnrreBt is obtained by varying the temperature, the balance of change 
is first on one side then on the other ; a good experiment of this kind 
is shewn with an antimony and iron thermo-couple. The iron is the 
ihermo-negative metal for all temperatures below 160° ; at this point the 
two ddes of the joint change alike ; and for higher temperatures anti- 
mony is the negative metal. An extension of this experiment, with iron 
and antimony elements, shews its great value for explaining the nature of 
thermo-electrical action; for when the antimony has been cast in a co(d 
meuld, the reversal of the current, at a temperature about 160°^ is then 
constant and most decided ; but if the antimony is cast in a mould heated 
nearly to redness and slowly cooled, the iron is on the positive side from 
the commencement of the heating of the elements, the reversal of the 
current disappears. 

The view I have attempted to trace above, as governing in all thermo- 
electrical arrangements, appears to me to be applicable to hydro and 
firictional sources of this agent, where the current passes from the side 
disintegrating or changing towards the stationary element of the arrange- 
ment which continues unaltered ; and that the numerous instances of 
variations in the direction of frictional-electrical currents may be ex- 
plained on the same principle as the reversal of a ihermo-current by a 
change of temperature, viz., that the greatest amount of change is in the 
rubber when it excites glass, and, again, when the same rubber excites 
resin, that the resin then undergoes the most rapid change. 

From the last experiment with iron and antimony, it will be apparent, 
that in batteries, fig. 1, to be excited by the weather, the iron might with 
advantage supply the place of the antimony ; and I would recommend it 
to be so applied, but for the practical difiiculty of soldering pure bismuth 
to iron. From some other experiments with bismuth, as the thermo- 
positive metal, attached to lead, tin, and alloys of these metals, I could 
recognise no diminution in the thermo-electrical energy for these couples, 
when heated in oil to 95°, compared with a couple of bismuth and anti- 
mony; so that if the form of the battery, ^g. 1, described at the com- 
mencement, should prove troublesome, on account of the fragile nature 
of the long bars, lead may well supply the place of the antimony used 
fi>r them. Copper and zinc, in connection with bismuth, stand a little 
below lead. Antimony cast in a hot mould is much more brittle than 
when cast in the same mould cold. R. Adie* 
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Ebbata in ihe portion of the paper in Volume d5. 

Page 347, line 19, /or « 80 inches circuit" read '* 180 inches circuit" 
348^ the letters c and d omitted at the poles of fig. 1. 
. 348, last line, /or " lightest" read « highest" 
360, line 7, /or " with my" read " with these" 

360, line 36, for « pole" read " pile" 

361, Une ^Jor " electrolice" read « dectroUte." 

N.B, — Authors ought to be more correct in their M.S. in order to prevent list? 
of errata.^-£DiT. 



On the Determination of the Index of Beftaction by the Sextant^ 
and also by means of an Instrument depending on a new 
Optical Method of ascer taming the Angles of Prisfns, "By 
Mr William Swan, Teacher of Mathematics, Edinburgh. 
(With a Plate.) Communioated by the Royal Scottish 
Society of Arts.* 

The powers of transparent substances in refracting and dis- 
persing the rays of light, present phenomena of the most inter- 
esting description; and the accurate determination of such 
physical properties has always been regarded as an important 
branch of experimental science. While these inquiries are 
valuable in a scientific point of view, they are also of ob- 
vious utility in relation to the useful arts, as affording the 
means of constructing with accuracymany of themost important 
optical instruments ; and, accordingly, the examination of re- 
fractive and dispersive powers has occupied the attention, 
not only of merely scientific observers, but also of the most 
eminent practical opticians. Newton examined a considerable 
number of substances ; and his sagacious conjecture of the in- 
flammable nature of the diamond, and also of one of the in- 
gredients of water, from their great absolute refractive powers, 
has been remarkably verified by modem discoveries. This 
affords an example of the importance of the refractive index 
as a physical character ; and it also shews the valuable results 
that might be obtained by a more perfect knowledge of the 
connexion between the chemical constitution of bodies and 
their optical properties. 

* The paper of which this is an abstract, was read before the Society, 13th June 
iS43 ; and the Society's Gold Medal, value 15 Sovereigns, awarded 13th Novem- 
ber 1843. 
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In later times, the chief accessions to our knowledge of re^- 
firactiye and dispersive powers are due to Sir David Brewster 
and Dr WoUaston ; but although the labours of these philoso- 
phers have greatly extended our acquaintance with such sub- 
jects, much may yet be done to verify and render more exact 
the results which have been obtained. Sir John Herschel ob- 
s^res, that " an accurate re-examination of the refractive and 
dii^rsive powers of natural bodies of strictly determinate 
chemical composition and identifiable nature, although, doubt^ 
less, a task of great labour and extent, would be a most val- 
uable present to optical science ;** and again, that '* Fraunhofer^s 
researches shew to what a degree of refinement the subject may 
be carried, as well as the important practical results to whidi 
it may be applied."* 

It would be superfluous to adduce any illustrations in proof 
of the correctness of these views, or of the importance of the 
inquiries to which Ihey refer, in addition to the example of 
the justly celebrated Fraunhofer, whose admirable researdies 
afford one of the finest instances of the connexion which sub- 
sists between the extension of science, and the improvement 
of the arts. 

If, then, it be desirable not only to extend our knowledge, 
but also to render it more accurate, we shall best promote 
these objects by £EM;ilitating our methods of observation ; and, 
although we are already possessed of instruments by means o^ 
which tolerably accurate results may be obtained with great 
£BMsility, we may yet find room for improvement in simplifying 
our more exact, but at the same time, more difficult pro** 



Among the latter class of methods, must be ranked the 
most direct and obvious process of finding the index of refrac- 
tion, which consists in forming a prism of the substance whose 
refractive power is to be determined, and then ascertaining 
the inclination of its refracting surfaces, and the deviation of 
a ray of light transmitted through them. In order to find 
the index of refraction from such observations, it is necessary 
to place the prism, with its face inclined, at a determinate angle 

* EncydopsBdia Metropolitana, *^ Optics/' p« 573. 
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to:the incident ray ; and this is best done by taming the prism 
round in a plane perpendicular 'to its refracting surfaces, until 
the deyiation of the transmitted rays is observed to be a mini* 
mum. When this is the case, the incident and emergent rays 
are equally inclined to the faces of the prism, and the indesc 
of refraction can be deduced from the observed angles by a 
simple formula. This arrangement was adopted by Newton, 
and afterwards by Fraunhofer ; and the extreme exactness of 
which it is capable, has been shewn by the singularly accurate 
results obtained by the latter observer. If, therefore, it could 
be simplified in its details, so as to lessen the trouble of obser- 
vation attendant on it in its present form, it might be rendered 
more generally available for increasing our knowledge of re- 
fractive powers. From actual experience, in using an appara* 
tus constructed after Fraunhofer's plan, I have found that 
the manner in which the prism is mounted is productive of 
great inconvenience. This arises from the adjustments of 
the faces of the prism mutually affecting each other, so that 
it is only after many approximate trials that both &ces can 
be made perpendicular to the limb of the theodolite, by which 
the deviation of the refracted rays is measured. Another 
inconvenience also attaches, as far as I am aware, to all the 
existing modifications of this method, in as much as different 
instruments are required for measuring the angle of the prism, 
and the deviation of the refracted rays. 

WoUaston's goniometer has indeed been used to determine 
both of these angles ; but for the latter purpose, it is a most 
defective instrument, as it is only by the aid of marks made 
on the walls of the apartment in which the experiment is con-* 
ducted, that the deviation of the refracted rays is ascer- 
tained.^ 

In endeavouring to simplify this method of ascertaining 
refractive powers, I devised two different processes, and, as 
one of these was the means of suggesting the other, I shall 
describe them in the order in which they occurred to me, 

I. The first is a new application of the sextant, and vrill be 
best understood by reference to figs. 1 and 2 (Plate II.), in which 



♦ ]Sdin]i>urgh EncjrclopsBdia, '* Optics," p. 606, 
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T Urepresents partof the telescope of the sextant, andAB, CD, 
sections of the horizon and index-glasses, hy a plane per- 
pendicular to their ^surfaces. Let the prism of which p r 8 
(fig. 1) is a section, he applied, with its surface slightly mois- 
tened, to the horizon-glass, and it will adhere in any required 
position by the cohesive attraction of the film of fluid be- 
tween it and the glass. The telescope can now receive 
simultaneously rays, labc^ passing through the horizon-glass, 
and refracted by the prism,^ and L A Arm, passing under the 
prism, and reflected from the index and horizon glasses. The 
images of a distant luminous object, formed by the refracted 
and reflected rays, may therefore be brought into coincidence 
at the focus of the eye-piece, as in the ordinary manner of 
using the sextant ; and from the nature of the instrument, the 
angle indicated Avill be the inclination of the final direction 
g Cj of the refracted rays to L h, the direction of the rays inci- 
dent on the index-glass. Now, if the luminous object be so 
distant, that the parallax, due to the distance between the 
horizon and index-glasses, may be neglected, the inclination 
of^ ctolih will be sensibly the same as ^e/, the deviation 
of Hie refracted rays. Since, therefore, the angle indicated 
by the sextant is the inclination oigcto L A, the deviation of 
the refracted rays is determined. 

If the prism be now placed upon the index-glass ,(fig. 2) 
in the position prsy its surface p r will form a new index- 
glass, inclined to tfie proper index-glass C D, at the angle 
prs^ which is to be determined. Let the image of a luminous 
object, seen by rays reflected from the index-glass, be made 
to coincide with the image of the same object seen directly ; 
and if there be no parallax or index error, the surface 1> O of 
the index-glass will be parallel to the surface of the horizon- 
glass, and the index wiU be at zero. Again, let thie image of 
the same object, formed by rays reflected from the surface 
p r, be made to coincide with the object seen directly, and 
the surface p r will be parallel to the horizon-glass. Now, 



* In tbi8> and also in the other fig^ores, as the rays do not suffer any ultimate 
change of direction in passing through the parallel plates of glass, in order to 
rimplify the diagrams, they are represented as suffering no refraction hy these 
plates. 
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since by the motion of the index, the surfaces, of which D C 
p r are the sections, have been made successively parallel to. 
the same plane, the index must have described an angle equal 
to p rs, the inclination of these surfaces. But as the index 
moyed from zero, and the angle indicated on the limb of the 
sextant, is doable of that actually described by the index, half 
the angle indicated will be equal to prs, the angle of the 
prism, which will thus be ascertained. 

It is obvious that, in these observations, the principal section 
Df the prismm us the adjusted to the plane of reflexion at the 
mirrors of the sextant. This is easily effected by the hand ; 
and the correctness of the adjustment will be ascertained by 
the possibility of n^ddng the images coincide accurately. It 
has also been supposed, for the sake of simplicity, that there 
is no index error or parallax ; but the existence of either mil 
not alter the determination of the angles. The object observed 
should be so distant, that the parallax may safely be assumed 
to be constant during the observations. Its amount, along* 
with the index-error, may then be ascertained by direct ob- 
servation, and applied as a correction to the angles. 

The sun will be found a convenient object for conducting 
these experiments ; and as dark glasses are necessary to moder 
rate the intensity of the light, advantage may be taken of 
eye-pieces, which transmit only homogeneous rays. Of these, 
the most convenient is the combination of common red and 
smalt-blue glasses, recommended by Sir John Herschell,* which 
will be found to transmit the extreme red rays of the spec- 
trum of perfectly definite refrangibility. I have also used a 
fluid eye-piece of the ammoniated sulphate of copper, which 
absorbs all but the extreme violet rays ; and the flame of 
a spirit lamp, with a salted wick, in order to obtain yellow 
rays of definite refrangibility. This light is very convenient 
for such experiments, and is of the greater importance, as, 
according to Sir John Herschell, it occupies precisely the same 
place in the scale of refrangibility as Fraunhofer's dark line 
D in the solar spectrum.t 

In order to ascertain the index of refraction from the obser- 

1 1 ■ I I I I I I III I . . I » I I I -I 1 n I I I , 

* Encyc. Metropolitana, art. Optics, art. 503. t Ibid., art. 436. 
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yations now described, it is necessary to determine the incli- 
nation of the horizon glass to the optical axis of the telescope. 
This may be done by directing the telescope to a distant lamp, 
and then moving the index slowly until an observer at the 
lamp, with his eye near the flame, sees its image reflected from 
the index-glass. The angle indicated miist then be noted ; 
and to avoid as much as possible the effect of parallax, the 
index-glass should be covered, with the exception of a narrow 
portion over its centre ; and the observer at the lamp should 
look through a hole twice as far from the flame as the centre 
of the index-glass is from the axis of the telescope. The angle 
indicated is double the complement of the inclination of the 
horizon-glass to the line of collimation.* 

The index of refraction is then calculated by means of the 
following formulse : — 

Let 6 = the angle of the prism ; 

d = the deviation of the refracted rays ; 

a = the inclination of the horizon-glass to the line of 

collimation ; 
9 = the first angle of incidence ; 
^= the first angle of refraction ; 
4= the angle of emergence ; 
>!/'= the second angle of refraction ; and, 

ik = ^^rz» ^e index of refraction. 
Then the following relations are easily obtained : 

AT AT 

Hence f + -4/ = tf + 3, and ^ — >}/ = flr + 8 — 2a — ^: 
From the law of refraction sin p = a& sin f ' and sin >)/ = 

f/ J xv i* sin ^'~* sin ^' sin ^ — sin ^ 

it&sm-sl/; and, therefore, . i, . . , ^ = . ^ . . , . 
Hence tan \ (f ' — >|/') = tan ^ (f — -s^) cot J (p + •vj/) tan ^ 

* This may be rendered definite by a pair of cross wires at the focus of the 
eye^ieee^ whi<di the images should be made to intersect both in finding the devia- 
tion of the refiraoted ray, and the inclination of the horizon-glass to the line of 
collimation. The latter is « constant angle ; and will not require to be re^le- 
terminedat every new experiment. 
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From which, by substitution, we obtain 
tan i (f '->!/) = cot i (tf + a) cot i (tf + 2 a - a) tan ^ ^. 

Having found i (9' — >}/') by this formula, we have 

ThenA6 = ^orA. = ;-^.* 

Both these values of At may be calculated, in order to cbeck 
ihe accuracy of the observations and calculation. 

I have thought proper to describe this method of finding 
refractive powers, as it involves a new application of the sex- 
tant to stereometry, which may often be found useful virhen 
other goniometers cannot be obtained ; and as it may enable 
individuals to ascertain refractive powers with considerable 
accuracy, who might othervidse be prevented from doing so by 
the want of apparatus specially intended for that purpose. 

The applicability of the sextant as a goniometer, is neces- 
sarily limited by the graduation of the instrument not ex- 
tending far beyond 120° ; and, therefore, not permitting the 
angle of a prism, greatly exceeding 60^ to be measured. This 
range is, however, amply sufficient for determining the angles 
of such prisms as are generally used for finding the mdex of 
refraction. 

II. The second method of finding refractive powers, which 
is now to be explained, was suggested, as has been already 
noticed, by the use of the sextant ; and it depends for its effi- 
ciency on the well known optical principle of that instrument, 
which is, that the deviation of a ray of light, after two re- 
flections in the same plane, is double the inclination of the 
reflecting surfaces. If, then, two plates of glass A B, C D 
(figs. 3, 6, and 6) be applied to the faces of the prism prs, 
as represented in ihe figures, a ray of light Imno being re- • 
fleeted ia the glasses at the points m n, will suffer a deviation 
ntm double the inclination of the glasses A B, C D, or double 
the angle prsot the prism. The angle ntm, and also the 



* For the investigation of similar formulsB, the reader is referred to Codding- 
ix>n*s Optics, chap, vii., or Biot, Traits de Physique, vol. iii. Dioptrique. 
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deyiatioD^ d L^ of the ray ha be refracted by the prism, may 
be ascertained by mounting the prism with its glasses in front 
of the object-glass of the telescope of a theodolite, or other 
ABgolar instrument, as represented in the figures. The prism 
being so placed as only to cover part of the object-glass, one 
half is appropriated to the reception of the refiracted, and 
the other to that of the reflected rays ; and the telescope 
being turned from the object, until the images produced by 
the refracted and reflected rays appear successively in the fields 
the corresponding deviations are easily ascertained. 

If the surfaces of the prism are sufficiently flat and well 
polished to afibrd a distinct reflected image, a better arrange- 
ment for obtaining the angle of the prism, which dispenses 
with the use of the glass D C, is represented in figs. 4 and 5. 

The apparatus by which the prism is mounted before the 
telescope, is represented in fig. 6. R is a collar fitted to the 
end of the telescope T U, to which it may be fastened by the 
clamping-screw T. From opposite extremities of the diame- 
ter of this collar, two arms N N' project in the direction of the 
axis of the telescope, which are furnished at their extremities 
with the screws MM', whose points are presented to each 
other. By means of the motion which the collar R has on the 
telescope, and by varying the length of the arm N', which 
consists of two pieces fastened together with screws S, tapped 
into one piece, and moving in an elongated aperture in the 
other, the line joining the points of the screws M M% may be 
made perpendicular to the limb of the instrument on which 
the angles are to be measured. The screws M M' carry, be- 
tween their points, a ring G H^ whose plane is therefore per- 
pendicular to the limb of the instrument ; and which revolves 
freely round the line joining the points of the screws. The 
object of this motion is to adjust the prism to its position of 
minimum deviation ; and for very nice observations, a slow 
motion may be given to the ring by the wheel and pinion W V, 
but this may be dispensed with in ordinary cases. Another 
ring E F, furnished with a piece of perfectly parallel plate- 
glass A B, is fitted into the ring G H, so as to revolve about 
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its centre in the same plane with G H ; and to F E airo stt:-- 
tached the pieces K I, famished with the screws 1 1, Wikix^iL 
carry the glass C D. This glass has conical holes drilled 
Ity for the reception of the points of the screws 1 1 ; and 
ing a free motion about the line joining their points, it aceom-- 
modates itself to the snr&ce of any prism that may be pla.oed 
between it and the glass A B. The prism, haying its ISn^es 
slightly moistened, is thrust, like a wedge, between the glaases 
until both are found to be in accurate contact with its surfaces. 
This is ascertained to be the case by the fluid spreading uni- 
formly between the prism and the glasses, and also by tlie 
colours produced by the thin plate of intervening air or fluid. 
When an accurate contact has been obtained, the prism will 
retain its place firmly, provided too much fluid has not been 
used ; but if any error be apprehended from its shifting, a 
little soft wax applied at its base, to the glass A B, wiU prevent 
it from altering its position. 

It will be sufficient to explain the use of this apparatus with 
the theodolite, in order to shew its applicability to any other 
angular instrument of the same kind ; and the manner of 
using it with the sextant is so perfectly analogous to the me- 
thod of observation already described, as to render any other 
description superfluous. 

In using the theodolite, it is first necessary to make the 
line of coUimation of the telescope parallel to the horizontal 
limb, which is then adjusted to the plane of the object to be 
observed, either by raising or lowering the object, or by ad- 
justing the plane of the limb by the parallel plate-screws. 
The apparatus having been attached to the telescope, the 
outer ring G H is inclined at a small angle to the line of col- 
limation, and the telescope is turned aside until the image of 
the object is seen by reflexion from the back of the glass A B. 
The reflected image is then brought into coincidence with the 
horizontal wire in the focus of the eye-piece, by turning the 
collar A upon the telescope, and the collar is made fast by the 
screw T. The telescope is now pointed 90° from the object, 
and the ring G H is turned until the reflected image is again 
visible. If it is now above or below the horizontal wire, it is 
once more made to coincide with it, by altering the length of 
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the ann N'. The latter adjustment is rendered permanent by 
tightening the screws S. If the apparatus be in good ad* 
Jnstment, the reflected image of the luminous object should 
remain on the horizontal wire, at whatever angle the tele- 
scope is inclined to the object ; and the process of adjustment 
ought to be repeated until this is the case. It will afterwards 
be generally sufficient to adjust the instrument by means of 
the ooUar R. 

The apparatus being adjusted, the principal section of the 
prism^ and consequently the plane of reflexion between the 
glasses, is brought into coincidence with the plane of the di- 
vided limb by means of the ring £ F. The refracted image 
will now be upon the horizontal wire of the telescope ; and by 
moving the ring G H, and following the motion of the refracted 
image, a point will be found where it stops and begins to move 
in the opposite direction. By means of the tangent screw, 
the cross-wires are made to intersect the image at this point, 
-at which the deviation is a minimum, and the angle is read 
off. The telescope is then turned round, until the reflected 
image intersects the cross-wires, and the angle is read off. 
The direct bearing of the object being then taken, the diffe- 
rences between it and the other observed angles will give the 
deviations of the reflected and refracted rays, which must be 
corrected for the parallax due to the distance of the prism 
from the centre of the instrument.* 

From these angles the index of refraction is easily calcu- 
lated. 

Let d=:the observed deviation of the refracted rays ; 
^=the angle of the prism ; and 
f=the observed deviation of the reflected rays. 

Then, since the prism is in its position of minimum devia- 
tion, U0 = ?Ei_^±i^ ; which expressed in terms of the observed 

1 . sin {\o + VS) 

angles gives /* = ;||^^'^ • 



* If the distance of the observed object be great, the correction, in seconds, to be 

added to an obserred angle « wiU be nearly . . y , ; where d is the distance of 

the observed object, and r the distance of the prism fifom the centre of the theo- 
doU e. 
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It is obvious, that tlus metbod of determining refractive 
powers is particularly well adapted for fluid substauees. The 
fluid may either be contained in a hollow prism made of paral- 
lel plate glass, or a few drops may be retained by capillary 
attraction between the glasses of the instrument ; in either 
case, the angle of the fluid prism will be ascertained in the 
manner already shown. 

From a considerable number of observations, I have found 
that the method which has now been described, affords con- 
siderable facilities in determining refractive powers. The 
construction of the apparatus makes the adjustment of the 
surfaces of the prism (juite independent of each other. For 
the rings E F, G H (fig. 6), and the face of the prism in con- 
tact with the glass A B, remain constantly perpendicular to 
the divided limb ; and the face in contact with the glass C D, 
is directly adjusted by the motion of the ring E F. 

The application of glass-plates to the surfaces of the 
prism also greatly facilitates the process, inasmuch as it ren- 
ders it unnecessary to have the faces of the prism so highly 
polished as would otherwise be indispensably requisite. In 
fact, it is generally sufficient to grind the surfaces smooth 
with fine emery, when the fluid by which the prism is re- 
tained between the glasses will render it perfectly diaphanous. 
Sir David Brewster, who seems to have been the first to av^ 
himself of this method of making prisms, observes, that, in 
measuring the refractive and dispersive powers of bodies that 
are incapable of receiving a good pohsh, " by cementing upon 
the two refracting planes pieces of parallel glass with a fluid 
of nearly the same refractive density, substances like horn, 
rock salt, and several of the gums, may be rendered perfectly 
transparent.'"* 

In alluding to the circumstance, that the prism is included 
between two plates of glass, by whose inclination its refracting 
angle is ascertained, I am led to anticipate some objections 
to the accuracy of the process that may surest themselves to 
the reader. 

It may be thought, that not only will the refractive power 
of the glass-plates vitiate the result, but also that a source of 

• Treatise on New Philosophical InBtrumeotB, p, 270. 
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error will arise from the glasses not applying with sufficient 
accuracy to the faces of prism. No appreciable error need be 
apprehended from the refractive power of the glasses, pro- 
vided they be of the kind useil for making the mirrors of sex- 
tants ; and should any notable imperfection exist, it will 
manifest itself by the separation of the images reflected from 
the two surfaces of tlie defective glass. 

With reference to the other source of error, I may refer to 
the results of actual observation, to shew within what narrow 
limits it may be confined ; and in doing so. I have to acknow- 
ledge the kindness of Mr William Nicol, Mr John Adie, and 
Mr Alexander Bryson, to whom I am indebted for the use of 
most of the prisms whose angles have been determined by 
this method. 

The angle of a flint-glass prism, belonging to Mr Adie, was 
taken five times, and the greatest and least result differed by 
only 50", the object observed being a street lamp nearly 400 
feet distant. The angle of the same prism was then deter- 
mined by a double observation on the turrets of Trinity Chapel, 
Deanbridge, at a distance of about | of a mile, and the result 
differed from the mean of several accurate experiments made 
some years ago by Mr Adie, by 30". A plate-glass prism, ex- 
auained in the same way, gave a result differing from Mr Adie's 
by 50", and the refractive indices of these prisms differed from 
Mr Adie's results only in the fourth place of decimals. A simi- 
lar agreement exists between many other observations I have 
made on different substances and the results obtained by for- 
mer observers, so that I feel quite satisfied with the practical 
efficiency of the process. 

EdiuBchbh, 4 Dure BinEET, lOtfi June 1843, 



On Solar Radiation. 

The experiments mentioned in the text (page 215), refer- 
red to a curious inquiry which has occupied ray attention for 
some years, namely, the loss of force which the sun's rays ex- 
perience in passing through the earth's atmosphere. It might 
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seem, at first sight, an impossible task to determiae the com- 
parative measure of the sun's heat, in the state in which it 
arrives at the earth's surface, and that which it would have at- 
tained were the atmosphere wholly removed. Some approii- 
matioQ to such a result has, however, been obtained by a very 
simple though indirect method. The thickness of air tra- 
versed by a sunbeam is, of course, least when the sun is ver- 
tical, and greatest when he is near the horizon ; at inter- 
mediate elevations the heat is intermediate. Now, by com- 
paring the thermometric effect of the snn's rays (which is the 
object of ttie aetinometer), at several dilferent thicknesses of 
atmosphere, the law of extinction is approximately found, and 
an inference is made as to what the intensity would be when 
the thickness of the atmosphere is nothing. This inference 
will be proportionally more accurate as the observations are 
pushed to a less thickness of interposed air ; and I have shewn 
in the paper already referred to,* that the previous estimates 
had greatly imderrated the intensity of the unimpaired so- 
lar-beam, and had also underrated the absorptive power of the 
atmosphere, owing to the observations on which thej were 
founded having been made only when the sun-beam had al- 
ready traversed a great thickness of air, when the law of absorp- 
tion is very different from the law at small thicknesses.^ 

Now, to obtain observations of solar heat at small thick- 
nesses, we must, in the first place, ascend in the atmosphere, and 
also use the snn's rays when his elevation is greatest, that is, 
near the solstice. I mounted the Cramont in hopes of pro- 
secuting these experiments, when the sun had still 21" of 
northern declination, and after having left below me a thick- 
ness of 9000 feet of the densest part of the atmosphere. Un- 
fortunately, as we have seen, these delicate experiments were 
prevented by indifferent weather. 

It will probably surprise many persons to be told, that even 
when the sun's rays shoot vertically through a pure atmo- 
sphere, as between the tropics, they lose in their passage 
(owing to the opacity of the air) very nearly half their 
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pt^Qsity.* The intercepted heat goes, of course, to warm 

cbe lur. 

The object of this note is, however, to record a different 

t of observations, performed VFith an instrument of inferior 

Helicacy to tlie actinometer, but still capable of yielding very 

n^markable results, — I mean Leslie's pbotometer. Its prln- 

piple may be briefly described as measuring the difference of 

Bie heat absorbed by a dark and clear tliermometer-ball. It 

B well known that this instrument gives, on some occasions, 

esults which appear highly paradoxical, but which, if consis- 

int, require to be explained, and ought, therefore, to be dis- 

Knctly established. My observations with it were directed to 

o points. 

1. To ascertain the effect of the presence of a coating of 
know on the ground, in magnifying the apparent Solar Ra- 
iation. To this effect has been ascribed the extraordinary 
force of the sun's rays observed in arctic climates, and also 
some singular variations from one season to another, supposed 
to depend on the pi-esence of snow on the ground.t Now, 
the few experiments which I obtained before breaking my in- 
strument last summer (1842), gave me the following most 
striking results : — 

Surrounded by grafB, and exposed to direct aunghine, the pbotometer in- 
dicated, 78" 

Exposed upon snow instead of grass, it rose to ... 121° 

The whiteness of the snow is all important in this respect ; 
^rty snow produces comparatively little effect, and so does 
ice ; thuS) 



The photometeF exposed on a dirty part < 



Placed upon a neigbbourliig patch of boow. 



r the Mer de Glace, stood 

. . . . 70° 

. 140° 



This action fully explains the intensity of the effect of fresh 

If upon the eyesight, I have myself found that exposure 

r sereral weeks to the moderate glare of sun-light reflected 

1 a glacier surface, produced little effect upon me, whilst 
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seem, at first sight, an impossible task to determine the com- 
parative measure of the sun's heat, in the state in which it 
arrives at the earth's surface, and that which it would have at- 
tained were the atmosphere wholly removed. Some approxi- 
mation to such a result has, however, been obtained by a very 
simple though indirect method. The thickness of air tra- 
Tersed by a sunbeam is, of course, least when the sun is ver- 
tical, and greatest when he is near the horizon ; at inter- 
mediate elevations tlie heat is intermediate. Now, by com- 
paring the thermometric effect of the sun's rays (which is the 
object of the aetinometer), at several different thicknesses of 
atmosphere, the law of exiindion is approximately found, and 
an inference is made as to what the intensity would be when 
the thickness of the atmosphere is nothing. This inference 
will be proportionally more accurate as the observations are 
pushed to a less thickness of interposed air ; and I have shewn 
in the paper already referred to,* that the previous estimates 
had greatly underrated the intensity of the unimpaired so- 
lar-beam, and had also underrated the absorptive power of the 
atmosphere, owing to the obser\'ations on which they werft 
founded having been made only when the sun-beam had al- 
ready traversed a great thickness of air, when the law of absorp- 
tion is very different from the law at small thicknesses.. 

Now, to obtain observations of solar heat at small thick- 
nesses, we must, in the first place, ascend in the atmosphere, and 
also use the sun's rays when his elevation is greatest, that is, 
near the solstice. I mounted the Cramont in hopes of pro- 
secuting these experiments, when the sun had still 21° of 
northern declination, and after having left below me a thick- 
ness of 9000 feet of the densest part of the atmosphere. Un- 
fortunately, as we have seen, these delicate experiments were 
prevented by indifferent weather. 

It will probably surprise many persons to be told, that even 
when the sun's rays shoot vertically through a pure atmo- 
sphere, as between the tropics, they lose in their passage 
(owing to the opacity of the air) very nearly half their 
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Ilt6nsity.* Tbe intercepted heat goes, of course, to tvarm 
be air. 

The object of this note b, however, to record a different 
tet of observations, performed with an instrument of inferior 
lelieacy to the actinometer, but still capable of yielding very 
temarkable results, — I mean Leslie's photometer. Its prin- 
l^ple may be briefly described as measuring the difference of 
QiB heat absorbed by a dark and clear tliermometer-ball. It 
B well known that this instrument gives, on some occasions, 
ilts which appear highly paradoxical, but which, if consis- 
tent, require to be explained, and ought, therefore, to be dis- 
inctly established. My observations with it were directed to 
a points. 

1, To ascertain the effect of the presence of a coating of 
•snow on the ground, in magnifying the apparent Solar Ra- 
diation. To this effect has been ascribed the extraordinary 
force of the sun's rays observed in arctic climates, and also 
some singular variations from one season to another, supposed 
to depend on the presence of snow on the ground.t Now, 
the few experiments which I obtained before breaking my in- 
strument last summer (1842)i gave me the following most 
striking results : — 

Surrounded by grass, sJid exposed to direct suiiEhiiie, tlie photometer in- 
dicated, 73' 

Exposed upon snow instead of grass, it rose to ... 121' 

The whiteness of the snow is all important in this respect ; 
dirty snow produces comparatively little effect, and so does 
ice; thus, 
The photometer exposed on a dirty part of the Mer de Glace, stood 

■ at 70" 

need upon a neighbonring patch of snovr, .... 110° 

s action fully explains the intensity of the effect of iresh 
■.mow upon the eyesight. I have myself found that exposure 
|,for several weeks to the moderate glare of sun-light reflected 
gfrom a glacier surface, produced little effect upon me, whilst 
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It is obvious, that this method of determining refractive 
powers is particularly well adapted for fluid substances. Th.^ 
fluid may either be contained in a hollow prism made of paral- 
lel plate glass, or a few drops may be retained by capillarjr 
attraction between the glasses of the instrument ; in eithexr 
case, the angle of the fluid prism will be ascertained in the 
manner ahready shown. 

From a considerable number of observations, I have found, 
that the method which has now been described, afibrds con- 
siderable facilities in determining refractive powers. The 
construction of the apparatus makes the adjustment of the 
surfaces of the prism quite independent of each other. For 
the rings E F, G H (fig. 6), and the face of the prism in con^ 
tact with the glass A B, remain constantly perpendicular to 
the divided limb ; and the face in contact with the glass C D^ 
is directly adjusted by the motion of the ring E F. 
; The application of glass-plates to the surfaces of the 
prism also greatly facilitates the process, inasmuch as it ren- 
ders it unnecessary to have the faces of the prism so highly 
polished as would otherwise be indispensably requisite. In 
fact, it is generally sufficient to grind the surfaces smooth 
with fine emery, when the fluid by which the prism is re- 
tained between the glasses will render it perfectly diaphanous. 
Sir David Brewster, who seems to have been the first to avail 
himself of this method of making prisms, observes, that, in 
measuring the refractive and dispersive powers of bodies that 
are incapable of receiving a good polish, " by cementing upon 
the two refracting planes pieces of parallel glass with a fluid 
of nearly the same refractive density, substances like horn, 
rock salt, and several of the gums, may be rendered perfectly 
transparent."* 

In alluding to the circumstance, that the prism is included 
between two plates of glass, by whose inclination its refracting 
angle is ascertained, I am led to anticipate some objections 
to the accuracy of the process that may suggest themselves to 
the reader. 

It may be thought, that not only will the refractive power 
of the glass-plates vitiate the result, but also that a source of 

* Treatise on New Philosophical Instruments, p. 379. 
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I error will arise from the glasses not applying with sufficient 
I accuracy to the faces of prism. No appreciable error need be 
I apprehended from the refractive power of the glasses, pro-* 
I Tided they be of the kind used for making the mirrors of sex- 
tants; and should any notable imperfection exist, it will 
manifest itself by the separation of the images reflected from 
the two surfaces of the defective glass. 

With reference to the other source of error, I may refer to 
the results of actual observation, to shew within what narrow 
limits it may be confined ; and in doing so, I have to acknow- 
ledge the kindness of Mr William Nicol, Mr John Adie, and 
Mr Alexander Bryson, to whom I am indebted for the use of 
most of the prisms whose angles have been determined by 
this method. 

The angle of a flint-glass prism, belonging to Mr Adie, was 
taken five times, and the greatest and least result differed by 
only 50^', the object observed being a street lamp nearly 400 
feet distant. The angle of the same prism was then deter- 
mined by a double observation on the turrets of Trinity Ch^el, 
Deanbridge, at a distance of about f of a mile, and the result 
differed from the mean of several accurate experiments made 
some years ago by Mr Adie, by 30". A plate-glass prism, ex- 
amined in the same way, gave a result differing from Mr Adie's 
by 50", and the refractive indices of these prisms differed from 
Mr Adie's results only in the fourth place of decimals. A simi- 
lar agreement exists between many other observations I have 
made on different substances and the results obtained by for- 
mer observers, so that I feel quite satisfied with the practical 
efficiency of the process. 

EourBfTBGH, 4 DUKB STREET, lOth Jutu 1843. 
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The experiments mentioned in the text (page 215), refer- 
red to a curious inquiry which has occupied my attention for 
some years, namely, the loss of force which the sun's rays ex- 
perience in passing through the earth'^s atmosphere. It might 
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seem, at first sight, an impossible task to determine the com- 
parative measure of the sun*s heat, in the state in whicli it 
arrives at the earth's surface, and that which it would have a.1>> 
tained were the atmosphere wholly removed. Some approxi- 
mation to such a result has, however, been obtained by a very 
simple though indirect method. The thickness of air tra- 
versed by a sunbeam is, of course, least when the sun is ver- 
tical, and greatest when he is near the horizon ; at inter- 
mediate elevations the heat is intermediate. Now, by com- 
paring the thermometric eficct of the sun's rays (which is tlie 
object of the actinometer), at several dififerent thicknesses of 
atmosphere, the law of extinction is approximately found, and 
an inference is made as to what the intensity would be when 
the thickness of the atmosphere is nothing. This inference 
will be proportionally more accurate as the observations are 
pushed to a less thickness of interposed air ; and I have shewn 
in the paper already referred to,* that the previous estimates 
had greatly imderrated the intensity of the unimpaired so* 
lar-beam, and had also underrated the absorptive power of the 
atmosphere, owing to the observations on which they were 
founded having been made only when the sun-beam had al- 
ready traversed a great thickness of air, when the law of absorp- 
tion is verv different from the law at small thicknesses. 

Now, to obtain observations of solar heat at small thick- 
nesses, we must, in the first place, ascend in the atmosphere, and 
also use the sun's rays when his elevation is greatest, that is, 
near the solstice. I mounted the Cramont in hopes of pro- 
secuting these experiments, when the sun had still 21'' of 
northern declination, and after having left below me a thick- 
ness of 9000 feet of the densest part of the atmosphere. Un- 
fortunately, as we have seen, these delicate experiments were 
prevented by indifferent weather. 

It will probably surprise many persons to be told, that even 
when the sun's rays shoot vertically through a pure atmo- 
sphere, as between the tropics, they lose in their passage 
(owing to the opacity of the air) very nearly half their 



* FhioBophioal Transactions for 1842, page 225. 
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intensity.* The intercepted heat goes, of course, to warm 
the air. 

The object of this note is, however, to record a different 
set of observations, performed with an instrument of inferior 
delicacy to the actinometer, but still capable of yielding very 
remarkable results, — I mean Leslie's photometer. Its prin- 
ciple may be briefly described as measuring the difference of 
the heat absorbed by a dark and clear thermometer-ball. It 
is well known that this instrument gives, on some occasions, 
results which appear highly paradoxical, but which, if consis« 
tent, require to be explained, and ought, therefore, to be dis- 
tinctly established. My observations with it were directed to 
two points. 

1« To ascertain the effect of the presence of a coating of 
6IIOW on the ground, in magnifying the apparent Solar Ra- 
diation. To this effect has been ascribed the extraordinary 
force of the sun's rays observed in arctic climates, and also 
some singular variations from one season to another, supposed 
to depend on ^he presence of snow on the ground, t Now, 
the few experiments which I obtained before breaking my in- 
strument last summer (1842)9 g^^ve me the following most 
striking results : — 

Surrounded by grass, and exposed- to direct sunshine, the photometer in- 
dicated, 78' 

Exposed upon snow instead of grass, it rose to ... 121^ 

The whiteness of the snow is all important in this respect ; 

dirty snow produces comparatively little effect, and so does 

ice ; thus. 

The photometer exposed on a dirty part of the Mer do Glace, stood 

at 70« 

Placed upon a neighbouring patch of snow, .... 140^ 

This action fully explains the intensity of the effect of fresh 
snow upon the eyesight. I have myself found that exposure 
for several weeks to the moderate glare of sun-light reflected 
from a glacier surface, produced little effect upon me, whilst 

• PhU. TrsBS. as above. 

t Edin. New FhU. Journal 1841. A paper by Dr BichardBon* with remarks. 
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I suffered severely from a single day spent amongst the 
snows of the highest summits. 

2. On the photometric effect of the diffuse light reflected 
from the sky, Professor Kamtz first, I believe, announced tli© 
startling fact, that half the photometric effect of Leslie'^s in- 
strument is due to the diffuse light of the sky, the other half 
only being the effect of the direct rays of a bright sim. Tliis 
singular paradox also manifests itself by the fact, that cloudy 
weather, if the sun be not itself greatly obscured, apparently 
increases the effect of the solar radiation. Of the truth, of 
both of these facts, I had also last year sufficient evidence, of 
which I shall quote one or two examples. 

On the 28th June 1842, a warm and clear day, at 6000 feet 
above the sea, at 1^ 40™, 

The photometer in the sun placed on the snow, stood at . 121". 

An alpine pole, an inch in diameter, was then stuck into the 
snow, so as to throw its shadow on the instrument, thus in- 
tercepting the direct sun-beam only. It fell to . • . 82* 



Leaving for the dirtct effect of the sun-light, .... 39** 

the remaining 82° being derived from the reflection of scattered sky-light, 
and from the snowy sur&ce. 

At the same place and time^ the photometer, in the sun, surrounded by 
grass, stood at ......... 78° 

Shaded by a stick as before, . . . . . . . . . 30"* 

Direct sun effect,* 8 

Now, if we look to TS'' as the total effect of the sun's light 
and its reflection from the ground, in one of the hottest days 
of June, in a fine climate and 6000 feet above the sea, — ^it ap- 
pears to be inconceivably small, when we know that the same 
instrument often stands at 120° in moderately fine weather in 
Scotland. What is the reason \ The sky does not reflect so 
much light when it is pure as when it is milky, and its sur- 
face being immense, compared to the apparent surface of the 



* The difference of this and the last is probably due, in a great measure, to the 
defect in the principle of the instrument, the momentary increment of heat ne- 
cessary to maintain the temperature 1° above 120°, being greater than what is 
necessary to maintain it 1° above 77**, for example. There are likewise other 
sources of error. 
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I san (100,000 times greater), a small addition to its reflective 
I power increases the photometric indication more than the thin 
I haze of rapour which produces that eflect diminishes the 

direct sun-light. 

Again, on the 29th June, a clear and warm day, in the same 

position at 11 a.m. — 

The photometer standing on snow, .... 114° 

Shaded from the direct sun, . • • • . . 63"* 



Direct sun effect, 51 

I neyer observed these effects so strongly as on the 30th of 
Jane, a day of the most intense solar heat, when, at a height 
of 7600 feet, the sky exhibited a deep indigo tint, unusual for 
that moderate elevation. I was engaged for some hours in 
making trigonometrical observations, on an exposed promon- 
tory of rock, with scarcely any shelter from the piercing sun- 
beams. At length I was so exhaasted as to be obliged to 
thrust my head now and then behind a stone for protection 
and relief. 

Now, at this time, the photometer directly exposed on the rock to the 

son, stood only at 88"* 

When shaded from the direct sun-heam, it fell to . . . 2T 
the smallest result for diffuse atmospheric radiation and reflection 
from the soil comhined which I have witnessed. This, it will he 
observed, leaves for direct sun-heat, 66^ 

which is large, compared with ihe previous results. It is cer- 
tain from these experiments, that the photometric effects 
thus measured bear no kind of proportion to the physiologi- 
cal eflfects of direct and reflected heat. — Prof. Forbeis Travels 
through the Alps^ p. 416. 
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On the Progre$8 of Ethnology. By Dr Hodgkin. (Coinxiiu- 
nicated to this Journal by the Society.*) 

Bead before the Ethnological Society, Loudon, Nov, 22, 1843. 

The study of man, in its most extended sense, to whicb. the 
term Anthropology is fitly applied, is a most complicated sub* 
jecty presenting such various points that it admits of being* di- 
vided into several departments, each of which may constitute 
or appertain to a separate science. 

The physical conformation of man, and the consideration of 
the functions of his several organs, come within the province 
of the comparative anatomist and physiologist. 

As an intelligent being, man is a subject for the metaphy- 
sician, and, in his compound character of an intellectual ani- 
mal, is the object of contemplation and study for philosophers 
of various sects. Some, like Cabanis and Hope, may take a 
comprehensive view of the whole. Others treat of his pro- 
gress individually in relation to his education and unlimited 
capability of cultivation. Others pursue the subject in rela- 
tion to man as a gregarious animal, and are consequently oc- 
cupied with the diiferent branches of political economy, social 
government, and the like. 

Man is also studied in relation to the lapse of time in which 
his race had existed ; hence the group of general or particular 
historians. 

Researches of these and analogous descriptions have ex- 
hibited man individually and collectively in so great a variety 
of conditions, as to render it a matter of special inquiry how 
and to what extent he may be influenced by the circumstances 
in which he is placed ; individually as to diet, climate, mode 
of life, and inherited peculiarities,— collectively by govern- 
ment, religion, influence of surrounding nations, and domi- 
nant prejudices whence soever derived. Lord Kames, Fal- 
coner and Herder, may be mentioned amongst the investiga- 
tors of these points. 

* The Ethnological Society of London is formed for the purpose of inquiriog 
into the distinguishing characteristics, physical and moral, of the varieties of 
mankind which inhabit, or have inhabited, the earth ; and to ascertain the causes 
of such characteristics. — Edit. 
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When all these various subjects are more or less carefully 
Tiewed and considered in relation to man as an animal of a 
peculiar kind, it maj very naturally be inquired, are all titiefle 
differences to be ascribed to modifying circumstances a^mg 
upon beings essentially similar and of the same stock 1 

Prichard and Lawrence put the supposed case of a pre^ 
▼iously uninformed indiyidual seeing in contrast the ex- 
tremes of colour, and the extremes of civilization and barbae 
xism, by which he would almost necessarily be led to infer 
absolute distinctness of species. Lord Kames had previ* 
oosly stated that a similar inference must be drawn, were 
not the declaration of Scripture opposed to it. 

Investigation of the innumerable and almost insensible 
gradations between these extremes, might as naturally induce 
the opposite idea, which is actually embraced by many of the 
best inquirers. Irrespective of these extreme views, writers 
of the highest antiquity have spoken of man as formed into 
various distinct groups which have been known as separate 
nations ; some distinguished by their languages, some by their 
colour, and many by their country, of whom it has been mere- 
ly known that they inhabit such a territory and possess such 
and such peculiarities of custom. Facts of this kind are ne- 
cessarily blended with the writings of historians and geogra- 
phers from the most remote period down to the present 
time, and whether separated into a distinct study or not, the 
description of them has acquired the peculiar and appropriate 
name of Ethnography or the description of nations. 

With the object of exhibiting the mode in which the hu- 
man race, broken up into more or less distinct groups, is 
distributed over the face of the globe, various attempts have 
been made to give the geography of man, just as we have the 
geography of plants by Humboldt, the geography of insects by 
Latreille, and the geography of Crustacea by Milne Edwards. 
Thus we have the geographical distribution of man attempted 
by Zimmermann. 

Various Ethnographical maps, of greater or less extent, 
have been produced in this country and on the Continent, 
and a comprehensive scheme for the production of an ethno- 
graphical map of the world has been projected and commenced 
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by Mr Greenough, of which, it is enough to say, thai; in 
design and in the collection of materials, it is well worthy oi 
the author of the geological map of England. 

Were the differences which are observed in mankind 
wholly the result of physical circumstances, we might expect 
that an ethnographical map of the world would exhibit pecu- 
liarities and physical characters bearing some relation to the 
parallels of latitude, or rather like the isothermal lines and 
the regions marked by the production of peculiar classes of 
plants, shewing the combined influence of latitude and eleva- 
tion. That such is not the fact is abundantly manifest, al- 
though much of the materials for the construction of such a 
map remain to be collected. It is so far from being the case^ 
that we find every shade of colour, from the white to the deep- 
est black, in the same parallels of latitude, and even in juxta- 
position with each other. We may further observe, that the 
individuals presenting these different characters, are very dif- 
ferently, affected by the climate to which they are exposed. 
Are we hence to infer absolute distinctness of race, the one 
adapted to one climate and the other to another ; as the 
tropical palm is distinct from the northern pinel Such a 
difference, however plausible it may at first appear, is by no 
means necessary, since it is equally consistent with probabi- 
lity to suppose that the descendants from one original stock, 
may, through a succession of generations, have become more 
particularly adapted for certain climates, which result being 
produced, the influence of a different climate cannot be equal- 
ly tolerated ; just as the metal iron, according to the particu- 
lar mode in which it is treated, may be rendered ductile or 
brittle on the application of heat, and the varieties so pro- 
duced cannot afterwards be mutually substituted for each 
other. These and numerous other difficulties have presented 
themselves to the consideration of those whose attention has 
been turned to the various conditions and appearances in 
which man is found on the surface of the globe. The study 
pf this very interesting subject forms a branch of science, to 
which the name of Ethnology has been given. As I have 
heard remarked by the great Cuvier, with regard to Zoology 
in general, so in this particular branch of it, it is obvious 
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that there are two modes in which the subject is susceptible 
of being treated. By the one method, we should proceed 
from the original stock or stocks to trace the numerous subdi- 
Tisions or ramifications into which it has branched out ; but to 
adopt this course, it would be essential that we possessed more 
nnmerous and more certain facts than either are or can be 
within our power of attainment. The oldest ethnographer, 
as well as the oldest historian, who was also the first inspired 
writer, has adopted this method ; and in his enumeration and 
description of the nations, tribes, and families, of which he has 
left an account on record, he has traced them in the descend- 
ing line from their great primogenitor. Even in comparative- 
ly recent times, attempts have been made to adopt this method, 
bat the result has obviously been very incomplete and unsatis- 
factory. A partial attempt of the same kind was made by 
many of the ancient profane historians, whose writings are of 
the utmost value to those who may at present be engaged in 
the study of ethnology. Though in many instances con- 
strained to admit the pre- existence of a class of men styled 
Aborigines or Autochthoni, supposed to be originally produced 
in the region or territory, in consequence of their arrival in it 
being beyond the reach of history or tradition, they almost in- 
variably relate the accession of other inhabitants derived fi'om 
some known stock, and who subsequently have been split into 
different families, whose subdivision and alliances are more 
or less accurately detailed. Such is the description, meagre 
as it is, which Sallust has given us of the peopling of Northern 
Afirica. Such is the description of the introduction of Gre- 
cian and Asiatic families into Italy. 

The other mode consists in endeavouring to trace the na- 
tions, tribes^ and families of man in a retrograde direction 
towards their obscure origin. In this process, which is one 
of great labour and difficulty, and necessarily tedious, it is of 
the utmost importance not to be hastened by preconceived 
opinions, or the activity of the imagination, to arrive prema- 
turely at undemonstrated conclusions. A theory may indeed 
be permitted as a lamp to the enquirer, but he must be care- 
ful that it do not lead him astray, like an ignis fatum from 
t^ra firvna to a pathless swamp. Of this description are the 
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attempts which have been made to trace not only variootf 
Asiatic nations, but even the North American Indians to tlie 
kst tribes of the children of Israel, and the equally improved^ 
but somewhat less improbable doctrine, that the entire continent 
of North and South America have been peopled by migrations 
from Asia, by the nearly approximating points of Katnt> 
sehatka and the Aleutian Islands. 

The views of historians and naturalists, regarding the va- 
rieties exhibited by man, were ill defined and irregular, com- 
posed of a strange admixture of facts either well or ill ob« 
served, rumour and speculation, prior to the important step 
which was taken by a great natural historian of our own 
times. Professor Blumenbach directed his attention to thi^ 
subject at so early a period as to make it the subject of his 
inaugural dissertation, and it continued to be one of the prin- 
cipal objects of his research through the course of his long 
life ; in which he was enabled to bring to bear upon it his 
cultivated abilities as a zoologist and comparative anatomist, 
aided by accumulated well authenticated facts and specimens,' 
which, by his own exertions, and the co-operations of his 
friends, he collected for its illustration. 

Without disregarding the important advantage which a 
knowledge of the geographical distribution of man must ne« 
cessarily render to the subject with which he was engaged, 
and without disregarding the more obvious distinctions marked 
by colour, he led the way in adopting the form and proportion 
of the cranium, as affording the most important and distinct 
indications by which to mark the distinctions and affinities of 
human races or varieties. In doing this he was not absolutely 
original, seeing that Camper had touched on the same subject 
in treating of the facial angle in the groups of inferior animals ; 
and after applying this test in comparisons drawn between 
these amongst each other, and again between the inferior 
animals and man, he was led to make the same application in 
contrasting the varieties of man with each other. Blumen- 
bach perceived the necessity which existed for looking at 
many characters besides that of the facial angle, and instituted 
a method for viewing skulls in different directions, for the pur- 
pose of contrasting them with each other. Not only may the 
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proportions of the head and face greatly vary, and thereby 
affect the facial angle, but differences no less remarkable have 
Icmg been noticed, with respect to the proportionate width of 
the cranium ; and the distinction of long and round heads is 
probably one of the oldest distinctions which ordinary obser«* 
ration has adopted. The late Professor Blumenbach insisted 
on these characters, and having laboriously formed a collection 
of skulls from various nations, he published sketches of them 
m his Decades^ accompanied by observations pointing out the 
peculiarities which, by this mode of observation, he had been 
led to detect. He therefore placed it in the power of others to 
pursue the inquiry in the same line, and gave a stimulus to 
the collection of comparative crania, which are now to be 
found in all the best anatomical museums, where they render 
valuable facilities to those who may be engaged in this inter*- 
esting study. Mainly referring to the cranial characteristics, 
yet, as before stated, not neglecting the lights of history and 
geography, Blumenbach was led to establish five principal va«» 
rieties — ^the Caucasian or Arab European, the Asiatic or 
Mongolian, the Malay or Polynesian, the American and the 
Ethiopic. The genius of that greatest of modern zoologists^ 
Cuvier, was so much engrossed with characteristics of recent 
and extinct inferior animals, that he cannot be said to have 
devoted proportionate attention to the varieties of man ; yet 
he did so sufficiently to be led to the persuasion, that, if we 
must admit certain grand divisions of the human race, deter- 
mined by their respective localities, it would be necessary to 
reduce the five mentioned by Blumenbach to three, viz. : the 
Caucasian, the Mongolian, and the Ethiopian, since he does 
not find, in the Malay and the American, characteristics suf- 
ficiently marked to constitute separate divisions, though he 
has not determined to which of those which he has admitted 
they ought to be referred. He was very sensible of the great 
defect of materials already collected for the complete study of 
the varieties of man, and observes that' the indifference of 
travellers to this subject has been incomprehensible. It is 
difficult to give an account of this indifference, but the omis- 
sion is not, therefore, the less to be deplored. 

The obvious relation which the divisions of Blumenbach 
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bear to the geographical distribution of the human race, has 
probably concurred with Blumenbach's priority as an author, 
in causing his divisions to be more generally followed than 
those of any other writer on this subject ; yet more extensive 
and more accurate research has exhibited the difficulty, I 
might say the impossibility, of reducing all the varieties of 
man with which we are already acquainted to his five grand 
divisions. Herder says that there are not four or five but 
many more varieties which may be recognised; and our 
countryman Dr Prichard, although admiring and following 
in the steps of Blumenbach, and adopting the five varieties 
which he has recognised, has found it necessary to subdivide 
and add. It has been by no means the major part of Dr 
Prichard's labour to establish the principal divisions in the 
varieties of man, which, as he has shewn, are not actually 
separated from each other by strong lines of demarcation. 
He has descended into details and pursued the investigation 
of the subordinate groups, both as respects their actual con- 
dition as described by most recent observers, and also their 
characters as noticed in former periods, whenever he has been 
able to obtain the descriptions of earlier writers. Though we 
cannot but admire and value such a work, which nothing but ex- 
traordinary ability and industry could have produced, it will 
readily be understood, that, as respects many, if not all of the 
subordinate groups, much must remain to be done, not merely 
in the collection of new facts, which continued observation 
and research may bring to light ; but also in the verification 
of statements already made by observers, or writers of diflTer- 
ent degrees of credibility, of which the compiler could not al- 
ways have the means of judging. The work of Dr Prichard 
has greatly advanced ethnological knowledge, and has brought 
the science to that state in which the united exertions of a 
community of enquirers becomes essential, and, as might 
reasonably be expected, it exhibits the necessity for those re- 
touches which it has prepared the way for future labourers to 
make. 

The merit of bringing about this kind of co-operation, 
which may be regarded as an epoch in the history of this 
science, belongs to the late Dr Edwards^ whose attention ap- 



Dr Hodgkin an the Progress of Ethnology. 125 

pears to have. been first called to the subject of Ethnology, 
by Uie observation of the marked di£Perence of physical cha- 
racters which he noticed in the population of France, as he 
was making a journey through the country. He sought to 
trace these varieties to their origin, and thus to connect them 
with history. He found the subject not only to expand, but 
to increase in interest, as he applied himself to the inquiry ; 
and he published a very interesting essay on the subject, in 
the form of a letter to M. Thierry, in which he records the 
observations which he made, and the inferences which he had 
drawn from them. This essay is strongly marked by Dr Ed- 
wards's philosophic mind, and is well worthy of perusal and 
study. 

Ethnology very much engrossed Dr Edwards's attention 
during the latter years of his life, and he designed to write a 
comprehensive work on the subject, but he has not left the 
materials which he had collected sufficiently advanced for pub- 
lication. 

He saw the importance of co-operation for the collection of 
perishing materials, and, acting on a suggestion which he had 
received, he succeeded in forming the Ethnological Society of 
Paris, by the union of some of the most distinguished mem- 
bers of the Institute and other savans in that city. 

The Parisian Society, under the presidency of Dr Edwards, 
pursued its labours, and produced an interesting volume of 
Transactions, and the Committee of the British Association 
has widely circulated a comprehensive set of Ethnological 
Queries, which have produced several sets of answers from 
practical observers. The subject has likewise been advocated 
in successive years in sectional meetings. In Germany, and 
also in the United States of America, Ethnology, either as a- 
whole or in its details, is now receiving increased and syste- 
matic attention, and some of the collateral sciences are pur- 
sued with special relation to it. 

Philology, in particular, has taken an Ethnological turn, as 
will be readily conceded when we consider the remarkable 
works of Adelung, Vater, Wm. Von Humboldt, Bopp, Balby, 
and Klaproth, in Germany ; of Marsden and Dr Prichard in 
England ; and of Heckewelder and Du Ponceau, in America. 
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From this very circamstance, Ethnology may appear to be 
more exclusirely within the province of the medioed man and 
the lingaist than is altogether desirable for the interests of* 
the study, which really comes within the scope of ^^very well- 
informed man, and more especially of every traveller. 

The conclusion which we may be warranted in drawing" 
from the preceding rapid sketch of the progress of Ethnology 
seems to be, that this science is in a very similar state to that 
of Geology, when, after having been the subject of the various 
theories of Whiston, Liebnitz, and Buffon, it commenced 
the foundations of its solid superstructure in a rational appeal 
to fisicts extensively observed, carefully recorded, and brought 
to tiie test of repeated investigation. 

Whilst both theorists and exact observers were advancing 
speculations and producing facts, there existed another class 
highly estimable for the purity of their intentions and the 
sincerity of their piety, who imagined that the labours of the 
geologists were adverse to the interests of religion, and fa- 
vourable to the attacks of the sceptic. So with respect to 
Ethnology, the attempt to define the divisions of man, as 
marked by his visible physical characters, has been dreaded as 
a refutation of the Scriptural account of the unity of our 
species. 

I am glad to have this opportunity of expressing my firm 
persuasion, that religion has nothing to fear from the strictest 
scrutiny of the characters and history of the varieties of man- 
kind, or from the geological study of the globe on which they 
are placed* 

But, in Ethnography at least, we must be content to pursue 
the train of facts such as we find them ; and when a break 
interrupts our progress, be very careful not to connect de- 
tached portions, until we are satisfied that they really belong 
to each other. 

But what are the points which Ethnology may, at present, 
assume as fixed, at least until some new conflicting evidence 
has been brought against them \ and what are the collateral 
studies by which its progress is to be assisted ? 

In the first place, we may assume that man, as a genus as 
well as species, is one of the most recent of animals. The Fa- 
liosomatologist has not only failed to discover any traces of his 
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I existence coeyal with that of many anunals of every class, but 
I he has refuted every pretended evidence which has been pro^ 
' daced of his earlier existence. 

Let us proceed to a later age, yet still remote from our 
own. 

The investigation of works evidently artificial, and scattered 
oyer a wide extent of the earth's surface, has led to the detec-* 
tion of human osseous remains, accompanied by the produc- 
tions of art, which sufficiently prove, that, at the time, and in 
the place, at which those bones were animated, human skill 
was extremely low. With little or no exception, these bones 
themselves, or the articles that accompany them, prove that 
the men to whom they belonged must have materially differed 
from the present inhabitai\|s. They are also, in many in« 
stances, beyond the reach of historic information, but they are 
not on this account beyond the reach of research. We put 
together with care and expense the remains of an elk or a 
bear ; and why should we not do the same for our own species ! 

The mere investigation of the skeleton can do much, and 
may do more ; and further light is doubtless to be obtained 
by a careful comparison of the rude productions of art which 
will be found with such human remains of the less civilised 
races of man which may either now exist, or have been but 
recently exterminated. 

So wide a diffusion of traces of the existence of man of 
the kind to which I am now alluding, of which the numerous 
tmnuli scattered over the plains and downs of the South of 
England, and which, by conjecture rather than by proof, are 
referred to the times of the Druids ; and similar traces in 
France, Germany, and Siberia, carry us back to a period which 
the ethnologist would do well to study as a whole, and, in the 
defect of written record or authenticated tradition, to gather 
all the scattered facts which the examination of .such relics 
may have brought to light. Till this be done, almost any at- 
tempt to assign to them an origin distinct from that of any of 
the present families on the face of the globe, must be rejected, 
not merely as anti-scriptural, but as purely speculative. In- 
deed, we are already possessed of a few facts, which, so far 
from favouring the idea of a wide diffusion of an uncivilised 
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pre-Adamic race, make it evident that the barbarous inhabi - 
tants of regions now the most civilised, were, in some striking^ 
particulars, very similar to imcivilised races now existiiig'* 
whose origin and connexion with other families of man can be 
made the subject of research. 

When we come to another division of the subject, whicli 
appears to be more recent in point of time, in which we have 
abundantly more numerous data, not only in more numerous 
relics of human remains, of works of art, of tradition, and even 
of history, but specimens of language, and of evidences of re- 
ligious belief, we necessarily find the subject much more com- 
plicated ; and if the means of arriving at truth are more avail- 
ing and decisive, the temptations to conjecture, and the in- 
ducements to bias opinion, are much more numerous, varied, 
and powerful. It is this department of ethnology which should 
take in the whole globe, at the same time that it should pro- 
mote the most minute local research. It evinces the necessity 
for a more extensive archaeology than appears to have been 
as yet contemplated. Hitherto the divided efibrts of anti- 
quarians have been very much taken up with research de- 
signed to increase the local interest of a single nation, or per- 
haps the part of a nation — ^a town or village. 

It is not my object to imderrate such antiquarian labour ; 
but I am anxious to see greater attention to a more compre- 
hensive archaeology, which may embrace the scattered mate- 
rials thus laboriously brought out by local inquirers, and bear 
the same relation to them that universal botany does to the 
study of the flora of a particular district. 

A single illustration will not merely render my object 
more intelligible, but will serve to shew that its attainment 
is not chimerical, and that important progress is already 
made in the work. Let us suppose the local antiquarian to 
be confining his patient research to that which our own city 
(London) may present. He may find the traces of the age of 
tumuli, and flint axes, in the occasional remains which the 
workman turns up in sinking a well, or making a sewer. He 
will find that his predecessors in this research have recorded 
similar discoveries, and he vjrill perhaps regard the celebrated 
London stone, and the site of St Paulas, as possessing an in- 

7 



Dr Hodgkin on the Progress of Ethnology, 129 

terest associated with the same period. He will find there, 
scarcely less deeply buried, the more varied and beautiful re- 
lics of Roman occupation ; and, instead of conjecture, he can 
brmg history, inscriptions, coins, and language, as applied to 
localities, to illustrate this part of his archaeology of London. 
With equal care he will collect, examine, and, by collateral 
eridence, elucidate the history and relics of Saxon and Norman 
London, down to the present time ; and every fragment which 
can be made to illustrate its fires, its plagues, and its political 
occurrences, vrill be highly prized by him, although he may, 
to a great degree, exclude from his attention the relics of any 
other place, and possess but an imperfect knowledge even of 
English history. 

The antiquarian of a wider range will feel a proportionately 
higher interest in the researches with which these very ob- 
jects may be connected. He may regard them as a Roman 
historian, and contemplate the Britons yielding to their in- 
vaders, and, through Roman writers, become acquainted with 
the earliest records of the inhabitants of this country. He 
may be a profound English historian, and regard the history 
and relics of London with more than local interest, from their 
illustration of his extensive subject ; or the relics of London 
may be contemplated by those who study European history 
through the obscurity of the dark ages, the struggles for the 
reformation of religion, and the revival of civilization, in which 
the city of London, and those who have lived and ruled in it, 
have performed so important a part. 

But let us come to the same objects with a still more com- 
prehensive archaeological view, or, I would rather say, ethno- 
logically. 

Though we may not be able to make out any thing from 
the isolated fragments, which merely attest that there were 
m this country men of that age and class which are charac- 
terised by the use of stone knives and flint arrow-heads, and 
whose uncoffined bones were covered under mounds of earth ; 
yet a wider survey will prove that these individuals were a 
part of a more extensive people ; and more careful research 
m those situations in which successive conquests have pro- 
duced less change, will lead us to the discovery of other traces 
of a widely spread r^ce of men, which, by the aid of history, 
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we feel warranted in connecting with the rude inhabitants of 
London itself, when the first Roman general brought his 
eagles to the banks of the Thames. 

When the ethnologist, brought to take this extensive vie^ir 
of the subject, seriously applies himself to recover all thai: 
may yet be gleaned of a people who seem to be lost in obli- 
vion, he will find, as Dr Prichard has fully shewn, that a great 
number and variety of positive facts may be satisfactorily as- 
certained. Thus, one author may have left the sketch of per- 
sonal character, which, as an incidental passage, may seem to 
be of little importance, but which, when selected and applied, 
to the present purpose, is invaluable. Another detached pas- 
sage may regard the similarity or difference of language spoken 
in dififerent parts of the country ; and this record, in conjunc- 
tion with a few names of men, places, rivers, and mountains, 
preserved in other passages, will enable the philologist to con- 
tribute his invaluable assistance to ethnology, and to deter- 
mine not merely the language, but the dialect of such lan- 
guage, which has been spoken in a particular locality, in the 
most remote and obscure period of its history. 

The interest of the subject does not stop here. When the 
apparently hopeless task of marking out the former territo- 
ries and relations of a once very numerous and extensive hu- 
man family, now reduced to a few detached remnants, has 
been to a good degree accomplished, a still more remarkable 
discovery has rewarded the sagacity and patient perseverance 
of the ethnologist. Similarity and analogy, too close to be the 
result of mere accident, have been shewn by the philologist to 
exist between the Sanscrit and the Greek ; and the same rela- 
tion is still more easily shewn to exist between the Greek and 
the Latin. There is perhaps nothing to excite astonishment 
in this discovery, since Greece is known to have borrowed a 
part of its civilization from the East, as the Romans, and those 
who preceded the Romans, did theirs from Greece and other 
people to the east of them. The most remarkable fact is that 
which the philological ethnologist has brought to light, viz. 
that the ancient Greek is not more certainly allied to the 
Sanscrit, than is the rude Celtic preserved as a living lan- 
guage in the Highlands of Scotland, the mountains of Wales, 
and the rudest parts of Ireland. 
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Thus, thanks to the ethnologist, not only is an affinity dis- 
ooyered between the ancient Londoner and his Roman in- 
vader, which neither of them suspected, but between him and 
those yety people <m the banks of the Ganges, whom the mo- 
dem Londcmer has invaded and subdued. No example can 
mare strikingly exhibit what the ethnologist may do in dis- 
coyering and establi^dng incontrovertible facts, where, at 
first, it would seem that even conjecture must be lost. 
Bnt it is a broad sheet which extends from the Hebrides to 
Hindostan, and which requires to be filled up with countless 
details. The time which has elapsed b^ween the arrival of 
tiie oriental Celt in the British islands and the present day, 
unmeasured by the chronologist, has produced countless inva- 
aons, emigrations, intermixtures of families, and dianges in 
modes of life, by which the plastic animal man has been mo- 
dified without any record of the changes so brought about. 
Hence the ethnologist, in demonstrating one grand fact, has 
opened the way to innumerable questions for his future solu- 
tion. 

If I have succeeded in making myself intelligible in these 
remarks, which have been designed to shew the increase of 
interest which results from connecting local and partial details 
with the comprehensive whole of which they are the part, it 
will at once be seen that the extension of the same principle is 
only limited by the habitable parts of the globe, and that if we 
succeed in establishing a group of mankind stretching from 
the Ultima Thule of the ancients to India beyond the Ganges, 
and that, in doing this, the partial absence of an historic record 
does not present an insuperable barrier, we should not be de- 
terred from anticipating the like success with regard to other 
portions ; although the assistance to be derived from history 
may be far less, or even wanting altogether. With regard to 
some of them, the subject of enquiry is obviously more simple. 
Thus, in the American races, though there are differences 
which sufficiently distinguish tribes from each other, they are 
consistent with so striking a unity of type, that the resem- 
blance has been recongnised from the Chippewyans bordering 
on the Esquimax, to the Terra del Fuejians in the vicinity of 
Cape Horn. 
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The thinly but widely scattered inhabitants of the isl studs 
of the Pacific exhibit, in a most striking manner, the twofold 
proofs of community of stock and similarity of language ; yet 
with such differences in each of these respects, as well as in 
their manners and traditions, as may, if they be timely^ stu- 
died, enable the ethnologist to demonstrate the course wliich 
this section of mankind has pursued, and to point out tlie 
changes which the lapse of ages has produced, quite as satis- 
factorily as the learned Niebuhr, and our countryman the late 
excellent Dr Arnold, have enabled to elucidate in early Italian 
history. But there is no group of mankind more naturally 
formed and more clearly defined by geographical limits than 
that which comprehends the African nations. There is none 
more beset with difficulties, and yet none which is richer in 
all the variety of materials to which I have alluded, as en- 
abling the ethnologist, with the aid of coadjutors of various 
descriptions, to pursue the interesting investigation with the 
fullest assurance, that, if he cannot arrive at the ultimate 
truth, he may confidently approach to it, well repaid with in- 
teresting discoveries at almost every step which he takes. 

Here we find physical characters the most strongly marked ; 
languages innumerable, yet referrible to distinct groups cha- 
racterized by their words, their structure, by distinct diflfe- 
rences of pronunciation unknown in other languages, yet con- . 
nected by affinities of which the philologist has obtained but a 
glimpse. Here we have the earliest historic records, whether 
sacred or profane, to assist us. Here we have the written, 
the carved, and the painted records of physical characters de- 
scending into ethnographical distinctions, which cannot fail to 
be recognised at the present day, of which it will be a suffi- 
cient example to mention a single Egyptian touch, in which 
are to be found the drawings of Copts, Foolahs, Jews, and the 
blackest negroes. Here we have various results of art, either 
preserved from the remotest periods, or still in operation 
amongst people who have been for ages cut off from the civi- 
lized world. Here ethnology may be assisted both by the 
study of the inferior animals which man has domesticated, and 
by that of the irreclaimably savage with which he has had to 
contend. I will not attempt to extend the present sketch, by 
adverting to other groups which remain to be mentioned ; not 
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doubting that the members of the Ethnological Society have 
anticipated me in the appreciation of the importance of the 
subject, and are well assured that it needs not only numerous 
labourers, but that, in a peculiar manner, it requires that a 
system of union and co-operation should be employed to give 
efficiency to exertions which must, to a great degree, be abor- 
tife, whilst they possess an isolated and individual character. 
It will be obvious, that a systematic investigation of whatever 
relates to them as a whole and in detail, will not only be the 
means of rescuing from oblivion much interesting matter which 
is in danger of being irretrievably lost ; but will also afford the 
only satisfactory means of arriving at any certain knowledge of 
the affinities and similarities of the differences and distinctions 
which may exist between the people comprehended in these 
several groups. It has been asked, what has an Ethnological 
Society to do, and how is it to limit and define the labours 
which it may embrace 1 The preceding sketch of what has 
already been done for ethnology, seems to indicate, at least, 
three kinds of communications which such a society must de- 
sire to receive and employ,-— 

1«^, Original information regarding any of the divisions or 
sub-divisions of the different groups of mankind, fmmished by 
individuals who have enjoyed opportunities of collecting them, 
and in doing which they may be materially assisted by the 
sets of queries which have been drawn up for the use of tra- 
vellers for this purpose. 

2rf, Papers of that kind of which the society has already 
excellent examples in the communications of Dr Richard 
King regarding the Esquimaux, in which personal knowledge 
of the people was seconded by a careful reference to original 
withorities and observations, from the earliest records of the 
race to the present time, with such constant regard to the 
past and present geographical distribution, as not only to en- 
able him to confirm or rectify previous statements, but to fur- 
wsb data respecting the limits and peculiarities of this group, 
which must be of the greatest value to those who may take 
np similar investigations concerning other groups geographi- 
cally connected with them. Proceeding in this way, the so- 
ciety will secure the ground already made, and prepare it for 
richer cultivation by the accumulation of fresh facts. 
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A third class of papers may, very useftdly, regard the me- 
thod of investigation, the nature of the observations iniiich ar^ 
required, and the inferences which may be drawn from ih.^ 
materials furnished by those who have been engaged in differ- 
ent fielda 

The cultivation of this branch of the subject will be like 
furnishing new formula to the mathematician, and new tests 
to the chemist, by the aid of which fresh observations majr 
not only be made amongst groups of men of whom we are 
barely conscious of the existence, but even amongst those who 
may have been known for the longest period. 

It is obvious that the subject of ethnology may be studied 
both analjrtically and synthetically. For the first, it is neces- 
sary to be in possession of criteria by which we may safely 
infer from physical characters the intermixtures or affinities 
which may exist, where we have little or no assistance from 
history or tradition to guide us. Even where these aids have 
been accessible comparatively little has been done. 

With regard to the other, the synthetical branch, still less 
has been attempted. It is certain that there is abundance of 
curious and important matter to be made out, by applying this 
mode of investigation to our subject; since there are indications 
that certain combinations, of which the elements are known, 
have producedphysical characters resembling those of groups of 
whichtheorigin is most obscure. Notto mention minor examples 
which have fallen under my own observation, and which, al- 
though they were sufficient to suggest the value of this mode 
of enquiry, I have not had the means of carrying out ; I would 
cite, by way of illustration, the more striking example which 
is furnished by a mixed race, resulting from the alliance of 
the wooUy-headed African Negro with the stifi^ and straight- 
haired Indians of South America, which present a remarkable 
resemblance to some of the Australian natives. 

The opportunities for examining a great variety of inter- 
mixtures, are more accessible at the present day than at any 
former period. The slave trade has conveyed Negroes from 
different parts of Africa, possessing widely different charac- 
ters, to North and South America, to the West Indies, and 
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Ift diierent parts of South Asii^ where they have been blended 
with numerous other races in various proportions. 
Malays have been transported to the Cape, there to be 
mixed with Europeans and Cafires, Hottentots and Negroes. 
The Hill Coolies of Asia have been conveyed to Australia, 
the West Indies, Mauritius, and Demerara ; and, in a few in- 
stances, the Chinese, so long immovably attached to his na-* 
tive lands, has been induced to emigrate to a greater or less 
distance, and is perhaps already cultivating tea in America. 

And lastly, there is scarcely a spot inhabited by man in 
which the proofs of the libidinous propensities of the white 
man do not exhibit the result of the intermixture of the 
European variety with those of every shade of colour, and of 
every diversity of cranial development. The interesting re- 
sults of this synthetical process are not confined to physical 
characters. It is often asserted that they are to be seen in in- 
tellectual and moral qualities, though no systematic inquiry 
has been attempted in this direction. 

Very great changes must likewise be effected in language 
through the same process, and these philosophical experiments 
are well worthy the attention of those who are engaged in 
the general investigation of language. 

Lest it be thought that I exaggerate the interest which be- 
longs to the inquiries included in ethnology in its most com- 
prehensive sense, I will merely ask your attention to the fol- 
lowing short quotations. Lawrence observes in his Lectures 
on Man, " It is only of late years, and principally through 
the labours of Blumenbach, that the natural history of man 
has begun to receive its due share of attention, and I have no 
hesitation in asserting, that, whether we regard the intrinsic 
importance of the questions that arise, and their relation to 
the affinities, migrations, and history of nations, or advert 
merely to the pleasure of the research, no subject will be 
found more worthy of minute investigation." 

It is of the greatest importance, in a philosophical point of 
view, to obtain much more extensive information than we now 
possess of the physical and moral characters. A great num- 
ber of curious problems in physiology, illustrative of the his- 
tory of species, and the laws of their propagation, remain as 
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yet imperfectly solved. The psychology of these races li 
been but little studied in an enlightened manner, and yi 
this is wanting, in order to complete the history of hum: 
nature and the philosophy of the human mind ! Homt ca.1 
this be obtained, when so many tribes shall have become e: 
tinct, and their thoughts shall have perished with them ? 



Route to India, By Charles Maclaren, Esq., F.II.S.E2. 
With a Map. (Communicated by the Author.) 

There has just appeared an interesting and well-timed 
pamphlet, in thirty pages, entitled " Inquiry into the Means 
of Establishing a Ship Navigation between the Mediteraneaji 
and the Bed Seas ; with a Map. By James Vetch, Capt. R.N,, 
F.R.S. London, 1843,'*^ in which the author has called at- 
tention to a subject of much importance. The British Grovem- 
ment has the interests and happiness of a hundred millions 
of Asiatics confided to its care ; and it is evident, that, to 
execute the trust thus devolving upon it efficiently, rapid and 
frequent communication with India is indispensable. By 
the application of steam-power, and the adoption of the 
route through the Mediteranean and Red Sea,, in lieu of that 
by the Cape, a voyage of four months has been shortened 
nearly to a voyage of one, and India has been brought, 
morally and politically, four times nearer to England. There 
is now nothing to prevent a naturalist, a merchant, or a states- 
man, from paying a visit to India during the summer, spend- 
ing six weeks in the country, and resuming his labours at home 
within the compass of four months. The beneficial efiects of 
this facility and speed of communication upon our commerce 
with India are obvious. To the British Government, too,the 
advantage is immense. When a country is so distant from 
those who rule it, that eight months intervene between the 
writing of a dispatch and the arrival of an answer, it is evident 
that the administrative agents must act on their own discre- 
tion in nine cases out of ten, and frequently even in such im- 
portant matters as questions of peace and war. Hitherto the 
British Government and the Board of Directors have not, pro- 
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perly speaking, governed India ; they have merely had the pri- 
[vilege of naming its governors ; and upon the personal charac- 
ter of these men, their wisdom, their foresight, their vigilance, 
the coarse of events have chiefly depended. So true is this, 
that the late Mr James Mill, a high authority, stated it as his 
opinion, that the fate and fortunes of India would have been 
nearly the same, although not one of the many voluminous in- 
structions issued by the Directors and the Board of Control 
had never been penned. It ought not to be so. Abuses have, 
no doubt, grown up in India, and blunders have been commit- 
ted, which would have been prevented by such a close super- 
intendence on the part of the home authorities, as they will 
now be able to exercise. 

The nciost defective part in the present line of communica- 
tion is that between Alexandria and Suez. The passage from 
Bombay to Falmouth is generally accomplished in a calendar 
month, or a day or two more, and the distance is, pretty cor- 
rectly, 7000 English miles. The journey from Alexandria to 
Suez, by the present route, is about 240 miles in length, and 
occupies, we believe, seven or eight days ; and thus nearly one- 
fourth part of the time is consumed in passing over one-thir- 
tieth part of the distance. 

We learn from the Parliamentary Report of 1837,* that a 
railway from Alexandria to the Nile, and another from Cairo 
to Suez, was projected by the Pasha, and he had even procured 
the rails from England for part of the work. Neither, how- 
ever, has yet been executed, or even, we believe, commenced ; 
and if executed, they would not shorten the time spent in pass- 
ing from Alexandria to Suez by more than two days, or three 
at the most, because they make no change in the most tedious 
part of the journey, that from Edfah to Cairo by the Nile. 

The ancient canal of the Ptolemys was described in the 
Edinburgh New Philosophical Journal for October 1825, 
from a survey given in the Description de VEgypte, To 
this article Captain Vetch repeatedly refers. The canal 
passed from the head of the Red Sea through the Bitter Lakes 
to the Serapeum (see the Map), and thence westward by a 
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yalley, called Wadi Tomylat, to the east'em bronoh of the ^ile 
at BaJi^astifii. The French, when masters of Egypt, proposed 
to restore this canal, and also to connect it with the Mediter- 
ranean by a branch passing from the Serapeum northward to 
Tineh, which is near the ancient Pelnsium. It was intended 
to be about 18 feet deep, and the expense of both works was 
estimated only at L.691,000. 

Nature presents extraordinary facilities for the execution of 
such a work. The mean level of the Bed Sea was found by 
the French engineers to be neaa'ly 30 feet above that of the 
Mediterranean, and a tract of low land extends across the 
isthmus, the whole of which, except a breadth of a few miles 
near Suez, is actually many feet under the mean level of the 
S,ed Sea. This sea would, therefore, serve as an inexhausti- 
ble reservoir to the canal, and the descent of 30 feet on a line 
of 75 or 80 miles, would give the current of salt-water a suffi- 
cient force to excavate and scour a navigable channel in the 
Mediterranean at Tineh. 

Captain Vetch proposes that a canal should be carried from 
the head of the Red Sea direct to Tineh, without communicat- 
ing with the Nile, and he has marked out three lines. The first. 
No. 1 in the map, runs right northward from Suez nearly in a 
straight line. The second, No. 2, passes through the Bitter 
Lakes to the Serapeum, and thence to Tineh. The third 
passes through the Bitter Lakes and the Lake of Themsah, and 
thence to Tineh. The difference in the length of the three 
lines would be trifling, but it would require a detailed survey to 
determine which was preferable. He proposes that the canal 
should be 21 feet deep, 96 feet wide at bottom, and 180 at the 
water-line at top. He calculates that the fall of 30 feet would 
give the current a velocity rather exceeding two miles per 
hour, and he estimates the cost of the work at L.2,000,000 
sterling. 

Such a canal would be productive of immense advantages. . 
First, it would save five or six days on the transit through 
Egypt. The ship, instead of stopping at Alexandria, would 
proceed 200 miles farther east to Tineh. This would consume 
one day ; another would carry her from Tineh to Suez through 
the canal. At present passengers and goods are unshipped at 
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I Alexandria, put into boats and carried to Edfah by the Canal 
I Mahmoudieh, transferred at Edfah to a steam-boat, which oar- 
I ries them up the Nile to Cairo, landed there, and then con- 
I veyed on the backs of camels 90 miles through the desert to 
I Suez, where they embark in the steamer which carries them to 
Bombay. All this trouble and expense would be saved. But 
the second and greater advantage is, that the route by Egypt, 
which, owing to the inconveniences just mentioned, is only used 
for passengers and dispatches, would then be a great, perhaps 
the principal, thoroughfare for merchandise to and from India. 
Sailing vessels could be taken through the canal by tugs, and 
the Bombay steamers would receive coal by the Mediterranean, 
at a much cheaper rate. 

We subjoin Captain Vetch's estimate, with his concluding 
remarks, and strongly recommend the pamphlet to public 
attention. 

EttUncUe of the Expense of constructing a Canal between the two Seas, on Line 
of Project No, 1, distance being seventy-Jive miles, 

Oatial 21 feet deep, 96 feet wide at bottom, and 180 wide at top at water 
Ime ; giving a sectional area of 322 square yards. Supx>08ing the ground 
to be nearly level, and supposing it subject to slight depressions on the 
line connecting the surface of the two seas equal in amount to the slight 
elevations above the same line, then the quantity of excavalion would 
also amount to 322 cubic yards in each yard of distance ; and, from all 
accounts, the surface of the country must be pretty nearly as we have 
assumed it. The soil is light, yet, by several accounts, tenacious enough 
to stand without walling ; and the absorption of water by the ground 
and the air being so great as to leave dry hollows firom 20 to 54 feet be- 
low the level of the Red Sea, there is little danger or expense to be ap- 
prehended from the influx of water by springs or otherwise ; and^ under 
these conditions of the country^ I should consider 8d. per cubic yard as 
a fiur price for the excavation ; for, though wages in the Levant maybe 
only one-fifth of what they are in England^ I do not expect that more 
woik would be performed for the same money. 

The total length of the canal being 75 miles^ or 132,000 yards, the to- 
tal quantity of excavation would be 42^504^000 cubic yards. 
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42,504,000 cubic yards of ezcavatioii; at 8d., . L. 1,416,800 O 

Masonry in 64 gauged ribs and sundry works, 60,000 

Works at the two extremities, in piers, dredging, &c., 200,000 O 



L. 1,676,800 

Contingencies^ one-tenth, 167,680 

Sundry works not enumerated, one-tenth, . , 167,680 



Total, L.2,012,160 

From the above it will be seen that the cost will amount to about two 
millions sterling ; and it would be difficult and fruitless to attempt any- 
nearer estimate, until we are in possession of more detailed and precise 
data. No doubt, if the section of the canal was diminished, the cost 
might be reduced most materially; but my opinion is^ that the size as- 
sumed will be required to give the sea river the momentum required to 
preserve its mouth navigable, and to admit with freedom the traffic which 
may be expected to pass between the two seas. 

In the foregoing calculations^ it has been assumed, that the straight 
line across the desert would meet with no serious natural obstacles ; 
but if such should be found to exist, and we are driven westward 
and obliged to adopt the basin of the Bitter Lakes as a portion of 
the navigable channel^ I should prefer running the line from Sera- 
peum straight to Tineh^ by project No. 2, a distance of forty-seven miles, 
which^ together with thirteen and a half miles between the Bitter Lakes 
and Suez, gives sixty and a half miles of canal for construction. But 
this, I fear, would effect no saving in the estimate, as, from the great 
evaporation and absorption of the water of the Bitter Lake when filled, 
the channel of thirteen and a half miles from Suez would have to be 
nearly doubled in capacity to maintain the lake at the required level, 
and to preserve the salt water river flowing out of it at a constant and 
equable velocity ; and with such an arrangement the lake might become 
the medium of absorbing the tides of the Red Sea, and of furnishing a 
stream issuing with a constant level and velocity. But I am strongly 
impressed with the idea that the basins of the lakes and lagoons lying 
between Suez and Lake Menzaleh have, from offering an apparent faci- 
lity, drawn all former attempts at connecting the two seas from a truly 
permanent, effective, straight, and controllable channel, to one amongst 
shifting sands and unequal influences of several kinds, which have ended 
in defeating the object sought for. 

In an economical point of view, it would not be desirable to convert 
the basin of the Bitter Lakes into a sheet of water. Its surface lies be - 
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low the level of the Nile, and admits of being irrigated* The extent 
xnay be estimated roughly at twenty-seven miles by six^ or 103,680 acres. 
And if the Nile was admitted pretty freely to flood it for several years, 
and afterwards more sparicgly^ for the purpose of irrigation, it is reason- 
ablej that^ with the slime and water which could thus be supplied^ the 
tract might become highly valuable for tillage ; and when the soil be- 
came fixed with a fruitful vegetation^ it would be easy and useful to 
prolong the canal of the Long Valley or Wadis upon a uniform level 
through the distance occupied by the basin of the Bitter Lake, as a canal 
of irngation, which might also serve for navigation to the small crafi; of 
the Nile to the vicinity of Suez, where, by means of locks^ it might be 
connected with the great canal of salt water proposed between the two 
Beas* 

Whichever line be adopted to form a ship navigation between the 
two seas, the cost would not be far short of two millions sterling ; and 
it is pretty clear, with such an expected outlay, neither states, rulers, 
nor companies would venture on the undertaking without some sufficient 
guarantee that the cost would be indemnified by the profits of the un- 
dertaking. Unfortunately, at present, it is not easy even to form an 
approximate estimate of the commerce that would pass through the 
channel ; but, converting the Red Sea into a strait, or open channel, as 
this measure would do, it is obvious that this new passage would connect 
the whole shore of the Mediterranean with the east coast of AMca, and 
with the shores and islands of Asia, by a new route, and open a common 
highway of commerce between a greater extent of coasts than any other 
channel on the &ce of the globe. 

In the years 1S32 and 1833, the average tonnage from and to Great 
Britain with all places eastward of the Cape of Good Hope, amounted 
to 285,000 tons ; and if we assume that the whole traffic of Europe, in- 
cluding that of Great Britain, passing through the Suez canal, would be 
three times the above quantity, we should probably be under the truth ; 
and that assumption would give 855,000 tons annually, or about one- 
half of the tonnage passing the straits of Dover and Calais. 

It must however be obvious, that, in opening a navigation so much 
shorter than the old one, and which consequently might be performed 
in much smaller vessels with less costly equipments, a great impulse 
would be given to trade in the new direction ; and that entire new 
sources of commerce would be opened between the places adjacent to 
each extremity of the Red Sea, but which could not, under present cir- 
cumstances, be attempted with any hopes of success from the length of 
voyage involved ; and, with these considerations, it will not be deemed 
unreasonable to expect, that the commerce passing through the canal 
annually, would, in a short time, amount to one million tons, and might 
eventually reach two millions of tons ; but restricting the estimate to 
one million tons, the following result would be obtained : — 
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Interest on two millions capital at 5 per oeai.. 
Management, and keeping works in repair, 
Toll to the Ruler of Egypt^ 



It, . L.100,000 
10,000 
10,000 












L.1S0,000 









Duty on one million tons, at 2s. 4}d., . L1S0,000 

So that, whatever greater traffic might arise, or whatever higher rate of 
dut^ it might be deemed pradent to exact, would operate as a bonus on 
the interest of 5 per cent. 

Again, the official value of the exports and imports from and to Great 
Britain, with places eastward of the Cape, in the year 1828> amounted 
to sixteen millions sterling ; and if we assume this as a third part of the 
amount of the imports and exports of all nations passing annually through 
the canal of Suez, we obtain forty-eight millions value on the amount : 
and taking the points into consideration stated in respect to the tonna^, 
we may estimate the annual value in round numbers at fifty millions 
sterling, the duty on which at \ per cent, would yield a revenue of 
L.125,000 per annum. 

A good deal is alleged by those trading from Britain to the East In- 
dies against the policy of any part of the British nation lending patron- 
age to such an undertaking, which, it is presumed, would benefit the 
countries bordering the Mediterranean more than our own ; though, if 
the canal in question would be the means of most materially shortening 
the distance between the two most important portions of the British 
Empire, little doubt can be entertained of the benefit conferred on tiie 
extensive commerce of the two countries, even though some other nations 
would receive a greater proportional advantage in the accomplishment 
of the measure ; and though the commerce of other nations might in- 
crease in a greater ratio than the British, still all would participate in 
facilities to.be obtained ; and in the case of war arbing, it is but too ob- 
vious, that the power possessing a naval superiority has the means of 
closing such a channel of commerce to its enemies, by stationing cruisers 
at each extremity. So much may be urged with a view of removing the 
prejudice of British interests against the measure ; but it will readily be 
believed, that if the British fail to patronize the undertaking, other na- 
tions and powers will do so shortly : and it is therefore manifest, if 
British subjects were chiefly concerned in advancing the capital, and in 
executing and managing this great work, it would be vastly more for 
the benefit of Britain, than if any other nation or government lent their 
resources. But, undertake it who may, it is most probable that both 
the funds and the energies of execution will come from this country ; 
and it is too probable, that if the measure is executed by any other par- 
ties than British, the work will be upon a cheaper and less effective plan 
of navigation, permitting only small craft to navigate, unfit for British 
commerce in the East, though sufficient for small traders in the Medi- 
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■ ierraneaiij wlio would consequently^ in such a case^ reap the entire be- 
I nefit. I am decidedly of opinion^ that British capital and British energy 

I woold alone execute the work in a truly useful and permanent style. 

I But the measure is daily becoming so much more obvious as one of 

' practical facility, that it cannot long be postponed in some shape or an- 

other. 

The conclusions may now be recapitulated in general terms : — 

1st, That a ship canal between the two seas, which contemplates an 
extended commerce between the countries of Europe "* and the Indian 
Ocean, should be free from the effects of all fluctuating causes, arising 
from inundations or floods, &c. 

2dy That it should be a measure irrespectiye of the commerce of Egypt 
and the Nile, or rather that it could not combine these objects in the 
same measure with any good results ; though it would be the means of 
greatly improving the commerce of Egypt by accessory measures. 

3df That the mean &.11 from the level of the Red Sea to that of the 
Mediterranean (say 30 feet) is sufficient to keep the artificial channel 
clean, if the fall be properly economized ; and also that it would be able 
to preserve its mouth in the Bay of Pelusium in a navigable state at all 
seaiiBons. 

4ith, That a navigation of still water with locks could not be long 
maintained with advantage, under all the circumstances of the case. 

6th, That a broad aad deep stream, like that of the Dardanelles, could 
not be produced by natural operations, assisted slightly by art ; but that 
the attempt would be pregnant with mischief in some quarters, and 
result in disappointment. 

6<A, That a direct and perfectly controllable channel of a uniform size 
and shape and incline, would be the safest and most appropriate under- 
taking of which the circumstances permit, and under the imperfect in- 
formation we possess. 

It must, however, be confessed, that no definitive opinion can be given, 
or very satisfactory estimates assumed, until a new and detailed survey, 
having the express objects in view, is completed, comprehending the ne- 
cessary levellings and borings and maritime surveys of the ports at the 
termini of the canal. 

With respect to the land survey, were all the necessary persons and 
means duly prepared to commence operations in the beginning of Octo- 
ber, it is probable the investigation might be completed in the beginning 
of the following May, and a true solution given to this great geographi- 
cal, commercial, and engineering question. 

As mankind multiply and make progress in the arts and civilization, 
new wants arise, and the ingenuity and industry of man is taxed to 
discover new sources of wealth, maintenance, and occupation ; and we 
find, under the dispensations of an allwise Providence, that at suitable 
seasons resources are unveiled which have been long provided but con- 
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cealed until the fit occasion presents itself. Amongst the numerous 
administrations of the same wise and merciful design, it is not unreason^ 
able to believe that the completion of navigable channels across the isth- 
muses of Suez and Darien are enterprizes amongst the events designed 
to minister to the growing wants and improvement of the human race. 



Report of the Researches of M, Agassiz during his last two so-- 
journs at VHotel-des-Neuchdtelois, upon the Lower Glacier" 
of the Aar, in the gears 1841 and 1842. By M. E. Desor. 

(Concladed from Vol. zxxv., p. 313.) 

Observations upon the Composition of Ice. — Observations 
upon the composition of ice had been demanded from all 
quarters, on account of the intrinsic importance of this sub- 
ject, and on account of the very contradictory opinions which, 
had been published regarding it. Accordingly, when we re- 
turned to the glacier of the Aar, in the year 1842, we took 
along with us a complete armamentarium of tubes, probes* 
weights, balances, and other apparatus of this kind ; and M. 
Nicolet, in concert with M. Vogt, imdertook the conduct of 
these observations. A kind of laboratory was constructed 
for the purpose, near our hut, to the north of it ; and the 
day after our arrival M. Nicolet commenced operations.* 

From the observations so made, it follows that the blue ice 
really contains the smallest quantity of air. It is true that 
the ice taken from the Gallery did not contain much more ; 
but it ought to be remembered that there the entire mass 
of the glacier is as it were transformed into blue ice. Lastly, 
the white ice, which owes its dull appearance to the numerous 
air-bubbles it encloses, contains much more air than the blue 
ice. M. Hugi, as may be known to many of our readers, 
had previously discovered that, when ice is put into an enclosed 
bell-jar, supplied with a tube which is plunged into a mercu- 
rial trough, the mercury ascends in the tube during the course 
of the night, and descends again during the day ; and from 

* For an account of these Experiments^ see Jameson's Journal, vol. xxxiii., 
p. 401. 
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this feet, following his own mode of argument, he concluded that 
glaciers were endowed with a kind of respiration similar to 
that of organized beings, so that they inspired air during the 
night, and again expired it during the day* He endeavoured 
to classify this phenomenon in the natural order of physical 
facts ; and hence he repeated-^this experiment upon air, then 
upon air and water, because these bodies enter into the com- 
position of the ice of glaciers, and lastly upon water alone. 
The result which M. Nicolet obtained was that which might 
naturally have been expected ; for he foimd that the rise of the 
mercury in the tube was nothing more than the result of the 
contraction of the air, occasioned by the greater cold of the 
night, and also, that it was the dilatation of the air, by the 
heat, which made it descend during the day. 

Upon carefully repeating, however, this experiment of M. 
Hugi, in somewhat modified circumstances, we one day ob- 
tained a diametrically opposite result. A bell-jar, of the ca- 
pacity of a decilitre, was filled with porous ice ; it was then 
carefully stopped, and made to communicate with a mercurial 
trough, by means of a graduated tube whose diameter was 
four millimetres, the divisions being millimetres. The appa- 
ratus was carefully secured from the direct action of the solar 
rays, and surrounded with the powdery mass composing the 
ney^. For many hours nothing was observed in the tube but 
a slight depression of the mercury ; but about mid-day, with 
a temperature of + 14°. 5. C. (58° F.), the mercury rose 
1.5 cent. (2°.7 F.). During this time the ice was melting. 
In the course of the evening the mercury rose to the extent of 
2 cent. (3°.6 F.), with a temperature of + 13° (55°. 4 F) ; 
and the ice was now nearly all melted. The apparatus now 
continued stationary for several hours, and at sun-set the total 
ascent was found to have amounted to four centimetres. This 
eiperiment was repeated on many occasions, night and day, 
upon the neve and on the ice, and always with the same re- 
sult, so that we were abundantly supplied with the proof that 
a contraction is produced in the day-time dinring the gradual 
melting of the ice. This phenomenon, which is in direct op- 
position to the observations of M. Hugi, is only explicable upon 
the difiference which exists in the density of ice and of water ; 

VOL. XXXVI. NO. LXXI.— -JAN. 1844 K 
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ice in assuming the liquid form, diminishing its Tolume, and 
thus occasioning the ascent of the mercury in the tube. Nesci; 
morning, \7hen all the ice was melted, the mercury was found 
to have still ascended ; but on this occasion it was due soleljr 
to the contraction which the water and the air had undergone 
from the cold of the night, for as the heat of day prevailed, 
the mercury recommenced its descent ; and these variations 
continued, after the same fashion, for many consecutive days. 
Hence it follows that the effect of the external temperature is 
very different, accordingas it acts upon water and upon ice. The 
ice in melting diminishes in volume, and heudce the apparatus 
indicated a contraction of the mass during the day, so long as 
there was any ice in the jar. But the ice once thoroughly- 
melted, this same temperature, which before caused the melt- 
ing of the ice, now dilates the water produced by that melting', 
and causes a fall of the mercury during the day, and a rise 
during the night. It necessarily follows from this, that what- 
soever of a mysterious character M. Hugi imagined he dis- 
covered in these facts, assigning a species of vitality to the 
glaciers, is to be viewed as wholly chimerical. 

M. Hugi moreover alleged, that, during the night, ice ab- 
sorbed the humidity of the air, and disengaged it during the 
day ; and in this phenomenon he perceived another proof of 
the vitality of glaciers. On the contrary, however, M. Vogt 
has determined, by accurately weighing it, that ice exposed 
to the air, in a hot day, when the hygrometer indicates great 
dryness of the air, loses much by evaporation ; which evapo- 
ration is in the direct ratio of the surface exposed to the at- 
mosphere, and is equal in all kinds of congealed water, 
whether it be snow or the matter of the nevfe, whether it be 
white ice or blue. On the other hand, when the dew is abund- 
ant, by the occurrence of nights at once cold and clear, ice is 
decidedly increased in weight, but in the direct ratio of the 
surface, and this increase is more considerable in propor- 
tion as the dew has been more abundant. Every morning, 
after a clear night, the surface of the glacier is found covered 
with a coat of dew. When the cold is severe, this dew is 
transformed into a coat of rime or hoar-frost reposing on the 
moraine, whilst on the surface of the ice it produces a delicate 
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coating of remaricably pore ice. That the precipitation of 
these watery-vapours is the sole cause of the increase of 
weight the ice acquires during the night, is clearly proved by 
tltis eircumstance, that, during the prevalence of cold weather, 
when the temperature of the day differs but little from that 
of the night, any pieces of ice which are freely exposed to the 
air midwgo no di£Ference in respect to their weight. The 
Tariations, then, which M. Hugi has observed in this matter, 
are entirely due to the drought or moisture of the atmosphere, 
and the variations of the temperature. 

Observations upon the Crevasses, — ^At first sight it appears 
strange that the crevasses, which of all the phenomena of 
§^laciers are those which have been most frequently described, 
and have most engaged the attention of travellers and the 
public, are those concerning which we possess the least accurate 
information. The crevasses, as esetj one admits, are the re* 
suit of an internal tension. But the inquiry still remains. 
What is the cause of this tension \ and this is the problem 
which remains to be solved. Repeated observations at differ- 
ent periods of the year, and under different atmospheric con- 
ditions, can alone sufSiciently instruct us upon the point, and 
enable us to decide among the various explanations which 
have hitherto been proposed. According to our own obser- 
Tations, the probability is, that few crevasses are formed ex- 
cept during the summer ; an opinion which coincides with 
that maintained by those mountaineers who are most fami- 
liar with the changes of the glaciers. During our sojourns in 
the years 1840 and 1841, we often heard reports, occasioned 
by the glaciers,, during the night ; but never actually wit- 
nessed their formation. The summer of 1842 appeared to 
have produced a great number ; for not only did we hear 
many detonations during the night, but on many occasions we 
saw them open under our eyes. For an account of these ob- 
servations, see as imder.* 

From these observations, it follows that the formation of the 
crevasses occurs chiefly during those cold nights which succeed 
to very wet and humid days, — a fact which appears decidedly 
to support the theory of infiltration. At all events the sudden 

* Jameson'f Journal, toI. zxxiii., p. 402. 
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formation of crevasses, which propagate themselves with. 
treme rapidity over an immense extent, appears to be a strong 
objection against the theory of semi-fluidity. How, in fact, 
is it possible to conceive a tension and rigidity, such as the 
circumstances require, if we once admit that the glacier is 
a semi-fluid body, moving after the manner of torrents of 
lava ? Mr Forbes attempts no explanation on this point, and 
puts the difficulty aside. 

I have elsewhere insisted* upon the difierences which exist 
between those crevasses which are found in the middle and 
lower parts of a glacier, and those which are encountered 
upon the plains of the 'loftier snows. These latter are much 
broader, and are generally of an elliptical shape, wide in the 
middle, and contracted towards the extremities. They have 
usually also a tendency to close over at the top, and are often 
even covered over with a coating of snow. 

There is another kind of cavity which has not hitherto 
been noticed, and whose formation is not less remarkable 
than that of the crevasses ; I allude to those which may be 
called the Meridian cavities. 

When we traverse a glacier, which is uniform, and but 
little inclined, as, for example, the two glaciers of the Aar 
and the glacier of Aletsch in their upper and middle parts, the 
glacier of Zermatt, that of Zmutt, and many others, we en- 
counter on their surface a number of small cavities or holes, 
the bottoms of which are covered with gravel, and which are 
usually from half a foot to a foot deep, with a corresponding 
breadth, and a length extending from a foot to a foot and a 
half, and sometimes to two feet. With these cavities we 
were quite familiar, from having encountered many, but 
we had never bestowed any particular attention upon them. 
Our friend, M. F. Keller, was the first who was struck with 
the uniformity of their shape. He remarked, that they 
were all semicircular, and had their arc turned to the 
north, and the chord of the arc to the south. He also 
remarked, that to the south of each cavity, there was a heap 
or hillock of ice, and that the greatest depth of each cavity 

-*■■■■ "^M^ 

• Bibl. Univ. Nov. 1841., (vol. xxxvi). Ascension de la Jungfrau. Also 
Jameson's Journal, vol, 32, 
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was towards the north. With these data he set to work to ac- 
count for this particular arrangement, which he explains in 
nearly the following terms : — When a little gravel, from 
any cause, accumulates behind an elevation upon the surface 
of a glacier, it by degrees sinks down in the ice, and this pro- 
duces a small hollow, or a miniature kind of basin. But as 
gravel absorbs much more caloric than ice, it follows, that it will 
be on the side where the sun's rays strike with the greatest 
intensity, and for the longest time, that this basin will most 
enlarge, and the gravel sink the deepest. Now, this side must 
necessarily be the northern, and hence the reason that every 
basin has its convexity turned to the north. 

These small basins prove not a little useful to the moun- 
tain traveller, in affording him facilities for piloting himself 
with considerable certainty in spite of fogs, and even of ascer- 
taining the hour of the day, however obscured the sun may 
be. For these objects, he has only to place bis pole, or 
walking-staff, over the cavity, in such a way that it touches, 
on one side, the summit of the small icy elevation, and, on 
the other, the summit of the arc, and the line which his staff 
forms, will lie precisely north and south. A line at right 
angles to this, will consequently lie east and west. The meri- 
dian being thus known, it will be easy for him approximately to 
learn the hour, from the angle which the sun forms with the 
meridian line. It is, accordingly, on account of the facilities 
which these small excavations present on this point, that we 
designated them Meridian cavities. In Germany, they are 
called Kelierlocher, in honour of our friend M. Keller. 

Observations upon Temperature. — The experiments upon 
temperature were those which M. Agassiz prosecuted most 
zealously during his sojourns in the years 1841 and 1842. 
Not only were the variations of the external temperature 
made the subject of daily observations, often repeated from 
hour to hour, but he was especially anxious to observe what 
was the state of the temperature in the interior of the gla- 
cier. We. have, on a former occasion, remarked, that many 
shafts or bores were cut with this object in view, to the 
depths, one. of .100 feet, and another of 50, and several to 
the depths of 15, 20, and 25 feet. The bore to the depth 



150 Feport of the Fesearehes o/M. Aga$riz. 

of 200 feet, whereby we had hoped to reach the bottom, in. 
the year 1842, was also exelusiyely used for this purpose* 
during the last eight days of our sojourn. Every evening* 
we introduced a self-registering thermometer to the bottom, 
of each of these bores, respectively 200, 100, 50 feet deep, 
and occasionally into a fourth 20 feet deep. There they wero 
allowed to remain during the night, every care being taken , 
by means of such things as sheep-skins, blankets, &c. covered 
over again with plates of ice, to prevent the ingress of the 
external cold. Next morning, usually about six o'clock, 
MM. Agassiz and Girard went to examine the thermometers, 
both those on the surface, and the others in the ice. These 
experiments were repeated in 1841, for a period extending 
to nearly six weeks, and in 1842, during two consecutive 
months. Often also we reintroduced the instruments, leaving 
them during the day, and examining them in the evening, before 
the temperature fell below 32° F. We will not here, of course, 
enumerate the details. Suffice it to state, that the general 
result has been confirmatory of what the observations of the 
year 1840 had shewn, namely, that the temperature is nearly- 
constant in the interior of the glacier. We have scarcely 
seen it oscillate beyond the limits of three-tenths of a degree ; 
in other words, the self-registering thermometers have never 
indicated a higher temperature than 32° F., or a lower tempera- 
ture than — 0°.3 (31°.46 F.) and this when the external 
temperature was as low as — 5° (23° F.), and even 6° C. 
(21°. 2.) Generally, the index stood precisely at 32° F. 

But M. Agassiz was unwilling to limit himself to daily ob- 
servations ; for however important these might be, they sup- 
plied the temperature of the glacier only at a determinate 
epoch, namely, at that corresponding to the hottest season of 
the year. But where were the grounds for supposing that the 
temperature was the same at the other seasons of the year ? 
And admitting that the night cold did not exercise any 
marked influence upon tiie interior of the glacier, did this 
authorize us to conclude, that the colds of winter, so severe 
and prolonged in these high regions^ have not a greater in- 
fluence upon the temperature of the glaciers ! These objec- 
tions had been foreseen in 1841, and M. Agassiz has publish- 
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ed an account of the placing of the thermometers, in Jame- 
son's Joomal, vol. xxxiii. p. 277. 

Made wise by previous experience,* we determined to be 
more careful in our use of means for withdrawing the second 
thermometrograph, which was twelve feet beneath the first. 
Having noticed the quantity of ice which daily disappeared 
from the surface, M. Agassiz determined to postpone any at- 
tempt, until near the termination of our stay. In fact, when 
we again thought of the undertaking, three weeks later, the 
surface of the glacier had experienced a sinking of many feet of 
ice, and our thermometrograph was so much nearer the sur- 
face. We now set to work, using the most cautious and sure 
means, and carefally superintending the workmen who were 
engaged in the service. M. F. Keller of Zurich, who at the 
time was of the party, imagined, that by heating iron bars, 
which might be introduced into the tin case, we might 
possibly easily melt the cylinder of ice. Two iron bars, 
therefore, an inch in diameter, were at the same time in- 
troduced into the tube, and around them was constructed, by 
means of large slabs, a kind of fire-place, in which a fire was 
lighted. The two bars were thus in the midst of a brazier ; 
but although they were thereby heated to a very considerable 
temperature, it was found that they sank exceedingly slowly, 
so that at the close of the day, they had not melted even 
two inches of ice. This proceeding, therefore, was much too 
tedious, as well as very costly, from the quantity of wood which 
was required. We were forced, then, to return to the use of 
boiling water; and with this, it required no less than five 
days to melt the ice in the ice-cylinder, until we reached 
the thermometrograph. At last, however, we succeeded in 
detaching it, and it was with the keenest impatience that 
we waited for its being brought up. Our satisfaction was 
great when it reached us unhurt. The index was at — 0°.3. C. 
(31°. 46 F.) We immediately set to work to verify the zero 
point of our instrument, which we found perfectly correct. 
It is worthy of remark, that this indication — 0°.3, corre- 
sponds to the lowest which was given during the observa- 

* The experiment with the first thermometrograph failed, as stated in this 
Joomal, vol. xzxiii. p. 402. 
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lions which were made during the night, at the bottom of th.e 
shaft ; so that it really appears that this is truly the lowest; 
temperature to which the glacier is subjected. 

That this observation may not rest isolated, M. Agassiz has 
taken measures whereby it may be verified. Before quitting' 
the glacier in 1842, he again introduced two of Bunten's ther- 
mometrographs, and a small horizontal alcohol minimum 
thermometrograph into the glacier, at different depths. These 
two thermometrographs are in the same bore, — ^the one at the 
depth of fifteen feet, the second eight ; the thermometer is at 
seven feet below the surface. We may hope thus completely 
to confirm next summer the observation of the last. 

Observations upon the presence of Water in the interior of 
the Glacier. — The presence of water in the interior of the gla- 
cier constitutes one of the essential postulates of the theory of 
infiltration. It is clear that a quantity of water is continually 
engulphed within the glacier, as is proved by the numerous 
streams and rivulets which are nearly all lost in the crevasses 
previous to their having attained the extremity of the glacier. 
This, however, does not amount to a proof that this water 
quite penetrates throughout the mass, as it would do through 
a sponge. On the contrary, it appears more natural, at the first 
glance, to suppose that it would always flow straight on, and 
especially when we consider how exceedingly compact the ice 
everywhere is, when defended against the action of external 
agents. It was, therefore, a matter of great importance to 
determine, by direct experiments, that water was to be found 
in the interior of all ice ; and the more so, as many scientific 
men, maintaining that the water did not penetrate beyond a 
certain depth, founded on this belief an objection against the 
theory of infiltration. Mr Hopkins was one of these, support- 
ing his opinion in his learned memoir, entitled, Theoretical 
Investigations on the motions of Glaciers. The bores which 
were opened in the ice by M. Agassiz supplied a rare and 
happy occasion for making direct experiments upon this sub- 
ject, previous to his determining to make experiments by 
means of the infiltration of coloured liquids. The results ob-^ 
tained by M. Agassiz, and detailed by him in Jameson's Jour- 
nal, vol. xxxiii. p. 262, have been confirmed in the most satis- 
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factory maimer, by the account given of the experiments on 
infiltration in a former article.* Hence, it has now been de- 
monstrated, that during the summer the whole mass of the 
glacier is thoroughly imbued with water at all depths to which 
we have hitherto reached ; but in a manner somewhat un- 
equal, according to the character of the ice, the state of the 
atmosphere, and the epochs and hours at which the observa- 
tions are made. 

After this, is it not astonishing to observe that a naturalist 
has recently afiirmed that he has satisfied himself by direct 
experiment, not only that the glacier does not imbibe water, 
but, also, that it does not even contain moisture % The fol- 
lowing is the experiment : M. Hugi, for he is the individual 
in question, caused a canal or tunnel, 10 feet long, 3 inches 
high, and from 7 to 9 inches wide, to be excavated beneath a 
pool of water which he found on the surfa'ce ; into this tunnel 
he introduced several tin-boxes, filled with the chloride of lime 
and other matters, which have a great attraction for water, 
the lids of the boxes being pierced with holes, and the mouth 
of the tunnel being carefully closed. After remaining about 
fourteen hours, it was found that the boxes had scarcely in- 
creased in weight, whilst similar ones exposed in the open air 
had become much heavier. Hence it was that M. Hugi con- 
cluded that there was no moisture in the glacier ? But M. Vogt 
has already answered this argument, by remarking, that it is 
quite natural that water, at the temperature of zero (32° F.), 
enclosed within a narrow compass, should not disengage much 
vapour ; and that if M. Hugi had introduced a sponge instead 
of the chloride of lime into his tunnel, he would have found it 
soaked with water derived from its icy walls. I should not 
have alluded to*this experiment, had it not been made by a 
naturalist who has travelled extensively over the glaciers. 
Moreover, it is the only experiment which M. Hugi mentions 
in his last work. 

Observations regarding the advance of the Glacier. — The mea* 
sures which were begun by M. Hugi at the glacier of the Aar, 
and prosecuted by M. Agassiz during the earlier years of his 



• See Bibl. Univ. ; Mars 1843 (Tome xliv.), p. 131 ; and this Journal, vol. xzxv. 
p. S90. 
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InTestigationSy have had the fortunate result of determining 
the moYement of glaciers beyond all doubt, and this not 
only at their extremity, but also in their upper portions, and 
of also determining, in an approximate manner, the sum of the 
annual movement. Once possessed of these facts, exact mea- 
surements become the more necessary, and it is anticipated in 
all quarters that they will occupy an important part in all 
future investigations. 

The block of the Hotel des Neuchatelois, which we had left 
in the month of August 1840 at the distance of 797 metres 
from the Abschwung, had advanced from it on the 5th Septem- 
ber 1841 to the distance of 861 metres, and on the 4th of Sep- 
tember 1842 to the distance of 943 metres ; it had conse- 
quently advanced during the first year 64 metres, or 213 feet ;* 
and, during the second, to the distance of 82 metres, or 273 
feet ; in all, 146 metres during two years ; in other words 486 
feet. During our sojourn upon the glacier in 1841, M. Agassiz^ 
in concert with M. Escher, determined the position of five 
blocks, that he might thereby ascertain the relations which 
existed between the dififerent portions of the glacier in respect 
to their movement ; and whether, as is generally believed, the 
inferior parts of the glaciers really advance more rapidly than 
the upper parts, or, on the contrary, if the reverse occurs. It was 
also important to ascertain by experiment if the sides or mar- 
gins of the glacier have a more rapid motion than the centre, 
or vice versa. With this object in view, M. Agassiz had marked 
out by line, across the glacier of the Aar, at the height of M. 
Hugi's hut, that is to say about 2000 feet lower than the 
Hotel des Neuchatelois, a series of stakes corresponding with 
fixed points on the border of the valley, and planted to a depth 
of 10 feet in the ice. 

Hence, in 1842, we hoped that we might obtain the first 
comparative results regarding the movement of the difierent 
portions of the glacier in the course of the year. These results 
have already been partially published in some of the Journals, 
taken from a series of letters addressed by M. Agassiz to M. 
Arago and the Baron de Humboldt. 

* The measures are in Swiss feet (1 = 0^. 30), which are very nearly the same 
as English feet. 
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The foIl<ming is the result derived from the series of stakes 
arranged across tlie glacier, as measured on the 20th of July 
1842. There were there six stakes, of which three were placed 
upon the Lauter- Aar bran^ and three upon the Finster- Aar, 
and which we shall designate on both sides by the numbers 
1, 2j 3, naming as No. 1, the stake which was nearest the 
centre of the glacier, or the middle moraine ; as No. 2, the 
next ; and as No. 3, the last, or that which was nearest to the 
border of the valley. Upon the branch of the Finster-Aar 
No. 1, had advanced 269 feet ; No. 2, 226 feet ; and No. 3, 
160 feet. And upon the branch of Lauter- Aar, No. 1 had 
advanced 245.5 feet ; No. 2, 209.5 ; and No. 3, 125.0 feet. 
The block of M. Hugi*s old hut, which lay in the line of obser- 
vation, had advanced in the same extent as No. 1 of the 
Finster-Aar branch, that is to say, to the extent of 269 feet. 

Hence it results that the advance of the different portions 
of the glacier presents a curve whose convexity is inclined 
downwards. Far, then, from confirming the opinion which M. 
Agassiz had previously hazarded, that the margins advance 
more rapidly than the middle, we, on the contrary, find that 
the centra advances much more than the sides, almost even 
to double the extent, being in the ratio of 245 feet to 125 
in the one case, and of 269 to 160 in the other. 

The several blocks whose position had been determined 
with a view to ascertain the longitudinal advance of the 
glacier, have furnished results which are not less important. 
There are five of the blocks which we shall distinguish by the 
names A, B, C, D, and E. A was the block of the Hotel des 
Neuchatelois, at a distance of 3077 feet from the Abschwung ; 
B was the block of M. HugPs hut, at the distance from the same 
point of 5176 feet ; C was a large block above the grand 
cone, at the distance of 13,950 feet ; D, another at the dis- 
tance from the same point of 21,970 feet; and finally E, 
another, at the distance of 24,470 feet, and at about 3000 feet 
from the extremity of the glacier. Between the 5th of Sep- 
tember 1841, in which the positions of these blocks was first 
determined, and the 5th of September 1842, when they were 
measured afresh, the following differetwje in the numbers was 
ascertained. A had advanced 274 feet, B 291, C 219, D 168, 
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and E 265. But it must be noticed, that it was not possible 
to discover in a satisfactory manner, t]^e original position of 
block E, and it was moreover apparent, that this block had 
rolled over to the bottom of the moraine, and had thus been 
displaced to an extent that could not be accurately apprecia- 
ted. Regarding this result then as uncertain, we may deduce 
from the others that the glacier advances less rapidly towards 
its extremity than in the upper regions. According to tbese 
data, the most rapid movement must be placed in the neigh- 
bourhood of M. Hugi'^s hut, from which locality it decreases 
both in ascending and descending. This result, like that of 
the stakes, is directly contrary to the belief of most observers ; 
but we shall see ere long, that it could scarcely be otherw^ise^ 
provided the movement is really eflfected in consequence of in- 
filtration, for, as the ice of the terminal regions is more com- 
pact than that of the upper ones, it is thereby less suscep- 
tible of imbibing so completely. It is true that Professor 
Forbes obtained on the Mer de Glace of Chamouni, results 
which were diametrically opposed to ours ; and he adduced this 
circumstance as one of his reasons for rejecting the theory of 
infiltration. According to him the lower part of the glacier 
advances more rapidly than the upper part, in the ratio of 5 to 
3. But it should be observed, that his data rest only upon 
observations made only during a few weeks in the height of 
summer, while M. Agassiz' s have reference to the movement 
of the whole year. And it can in no degree excite surprise, 
if it be found, that, at the beginning of summer, the terminal 
portion during a certain period, really moves more rapidly than 
the upper portionSy which at that time are still more or less 
covered with snow. 

With the view of completing these measurements, M . Agas- 
siz has come to the determination of getting a topographical 
map prepared, and applied to M. Wild, engineer, who joined 
us on the glacier of the Aar in the beginning of July 1842, 
that he might there commence a trigonometrical survey 
of the glacier. The map, which is to be in the proportion of 
one ten-thousandth part, being destined to form a part of M. 
Agassiz' new work, I shall not anticipate the details it is 
intended to illustrate. I shall limit myself to the remark, 
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that, as to accuracy of execution, it may safely be placed by the 
side of the most beautiful specimens of mapping of oiur age. 
Not only are all the features of the glacier, which the scale 
permits, indicated with the greatest precision, but what will 
render it peculiarly valuable to all the observers of glaciers, 
M. Wild has thereon determined the position of quite a net- 
work of the blocks distributed on the surface of the glacier. 
These blocks, to the number of eighteen, are all associated 
with fixed points in the valley, so that, in time coming, every 
one may, by examining these points, ascertain how much any 
part of the glacier has advanced within a given period. 

In addition to the general map, M . Agassiz has also caused 
to be represented, a transversal band, 500 feet in width, 
across the glacier, in a locality where it is very much crevassed. 
This band, which has been measured and levelled by M. Wild 
with the greatest accuracy, has been prepared on a very large 
scale, amounting to one two-thousandth part, so as to exhibit 
the most minute details. Not only are all the crevasses in- 
dicated upon it, but their relative form and dimensions are ac- 
curately measured, so that it may be easily ascertained, in the 
ensuing summer, what changes they have undergone, if tljey 
advance with the entire mass, or if they arrange themselves 
anew, or finally, if new ones occupy their place. Should this 
last alternative be the case, it would be demonstrated that the 
form of the crevasses depends essentially upon the windings and 
irregularities of the valley. This, in fact, has for long been the 
general supposition, though nothing like a demonstration has 
been supplied. Accordingly, it seems quite natural that Pro- 
fessor Forbes should have adopted this opinion, but we have 
been astonished that this philosopher, who very properly looks 
for exactitude in every thing, has propounded this opinion as a 
fact, since, having made only one sojourn on the Merde Glace, 
it is impossible he could have obtained positive results from 
observations which require to be verified for a succession of 
years. 

This same band, 500 feet wide, may be made subservient 
to the supply of positive information, respecting another and 
not less remarkable particular, namely, concerning the me- 
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thod in which the glaciers pass the projections of the rocks, 
and in the following way. In the space included by this 
band on the left bank, there exist two of these rocky promon- 
tories. These very marked projections obstruct the passage 
of the ice to an extent of not less than 600 feet, and force it 
to diverge into a lateral creek. According, therefore, to the 
manner in which the mass shall pass these projections, we may 
deduce conclusions for or against the several theories which 
have been proposed. 

The two lines of the transversal band which we have above 
described, having been measured by Mr Wild between the 
13th and 16th of July, he repeated the measurement on the 
30th of August, and found that, during these 45 days, the 
central portion had already advanced considerably more than 
the sides, the former part having moved forward 30 feet 5 
inches, whilst the movement of the latter parts of the glacier 
diminished towards the margin nearly in the ratio of its dis- 
tance from the central moraine. 

It is, moreover, of some consequence that we should be 
made acquainted with the relations of the movement in dif- 
ferent directions. Accordingly, a large triangle was traced on 
the 12th of July, on the course of the Finster-Aar, imme- 
diately above the hotel. One of the sides A B, which was 
perpendicular to the axis of the glacier, measured 301 feet ; 
the second A C, which was nearly parallel to the axis, mea- 
sured 409 feet ; and the third B C, the hypotenuse, measured 
492 feet 4 inches. This triangle was again measured on two 
subsequent occasions, namely, on the 23d of July and on the 
30th of August. On the first occasion, a slight difference only 
was remarked in the line A B, which was shortened about 
7 inches ; and on the 30th of August the following were the 
measurements : — The line A B equalled 299 feet 5 inches ; 
the line A C 409 feet 6 inches ; and the line B C 492 feet 
5 inches. Hence it results, that the side perpendicular to the 
axis of the glacier had alone been shortened, as might natu- 
rally have been expected ; whilst the side parallel to the axis 
of the glacier had, on the contrary, been elongated 6 inches, 
and the hypotenuse remained the same. 

But our observations should not be limited to the deter- 
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mination of the annual advance in the different portions of 
the glacier. It was not less urgently required for theory, that 
we should have a knowledge of the exact manner of the daily 
movement, and especially of the difference between the diur^ 
nal and nocturnal movement of the entire mass. With this 
object in view, M. Agassiz caused a stake to be fixed in the 
ice, at the distance of about 500 feet from the margin of the 
left bank of the glacier. A telescope was fixed on a rock, and 
every morning an observation was made as to the distance 
the stake had moved firom the vertical thread of the telescope. 
These observations, made quite regularly for nearly a month, 
firom the 3d to the 26th of August, every morning and even- 
ing at seven o'clock, have given the mean advance at 3^ inches 
in the 24 hours. The proportion of the diurnal movement to 
the nocturnal has been as six to seven. This excess in fa- 
vour of the night, however minute it may be, must be deter- 
mined more accurately, as Professor Forbes has obtained a result 
completely opposite, at the Glacier des Bois. M. Agassiz ex- 
plains this difference, by referring it to the difference in the 
hours at which the observations were made. He conceives 
that Professor Forbes, by including the hour from six to seven 
in the morning in the series of diurnal hours, has given to 
that series an hour which belongs to the nocturnal one, and 
that an hour in which the movement is probably most of all 
considerable. In fact, as soon as you commence to compare 
the diurnal temperature with the nocturnal, it is necessary 
that you place the commencement of the glacier day at the 
time that the melting of the ice begins to be seen, and the 
watery rivulets commence to run. Now, this period never 
commences before seven in the morning, even in the hottest 
. days. 

Regarding the extent of the movement (3J inches), it may 
probably be considered very small, when compared to the sum- 
total of the annual movement. But here it ought to be re- 
membered, that the stake in question indicates the advance 
of a portion of the glacier which is very near its margin ; now, 
it is probable that, judging from the relative movements of 
the margin and the centre mentioned above, if the stake, 
instead of having been placed at the distance of 500 feet from 
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the margin, had been placed nearer the centre, where the ad- 
vance is at its maximum, we should have obtained a result at 
least double of the one specified. In truth, the observations 
which have been made upon a stake fixed in the ice near the 
Hotel des Neuchdtelois^ on the course of the Finster-Aar, quite 
demonstrate this. This stake, situate 300 feet from the moraine, 
was observed seven times in the space of 52 days, between the 
13th of July and the 3d of September, and its progress was 
40 feet 9 inches ; in other words, 8 inches a-day. In the trans- 
versal band, the greatest advance, as stated above, has only 
been 30 feet 5 inches in 45 days, or 7 inches a-day, confirm- 
ing the results supplied by the progress of the blocks, namely, 
that the movement diminishes from above downwards. 

All the observations which we have just mentioned were 
made upon that part of the glacier which is below the 
Abschroung. But it was equally necessary to have measure- 
ments which would determine the movement of the upper 
parts, or those near the region of the neve. For this purpose, 
we ascended on the 2d of September to the higher part of the 
glacier of Strahleck, there to determine, by means of the the- 
odolite, the position of a series of blocks, the most elevated of 
which are situate beyond the second tributary glacier which 
descends from the Schreckhom, at the height of at least 9000 
feet. We could not have found a more convenient locality ; 
for not only is the block very large, but there is another in 
the same line, nearer the middle, so that we shall thus obtain, 
in this part of the glacier also, the relative movement of the 
margins and the centre. The second block is placed some 
thousands of feet farther down, in front of the indented ridge 
of the Lauteraarhorner. The third is situate near the margin 
of the valley, upon the most inclined portion of the glacier. 
The fourth is placed in the great plain of the glacier of the 
Finster-Aar, upon the course of the glacier of the Altmann, 
in front of the Grunerhorn. 

These notices, I trust, will suffice to exhibit the extent of 
the observations which it is necessary to make, in order to 
arrive at positive conclusions concerning the advance of the 
entire glacier. Those who have pursued with any degree of 
attention our studies upon glaciers, will thence infer that 
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much still remains to be done upon this field, as novel as it is 
Yast. A cardinal point, which, above others, it is necessary 
to knovir, is the difference between the summer and the winter 
progress of the glacier. It will, undoubtedly, be very diffi* 
cult to procure accurate data bearing upon this point, on ac- 
coant of the inconstancy of the seasons. But as we now 
know the exact position of a great number of blocks at the 
termination of last summer, we shall at least soon have 
the power of appreciating the extent to which the mass 
shall have advanced between this period and the ensuing 
spring. We purpose to visit the glacier of the Aar with this 
object, and to verify the observations of the previous autumn, 
as soon as the snows shall have so far disappeared that the 
blocks may be seen. By a second time measuring these points 
at the close of summer, we £hall know exactly the portion of 
the movement which belongs to the hot season, and that which 
belongs to the winter, comprised between the 5th of September 
and the commencement of the spring. 

These, it is true, are* but the first lineaments of a more 
extended labour, which undoubtedly will one day be effected 
with all the accuracy which the importance of the subject 
merits. We do not despair to see, ere long, a permanent ob- 
servatory erected upon the margin of one of the great glaciers 
of the Alps, in which may be prosecuted from day to day, 
and from hour to hour, the progress of the glacier in all its 
relations with meteorological phenomena. And as all inves- 
tigation brings along with it its own reward, we have no 
doubt that this will lead to satisfactory results. 

Observations on the changes of the Level of the Surface, — . 
The large volume of water which daily escapes from the 
glaciers at their terminal openings, clearly demonstrates that 
a notable portion of their mass is carried away by melting. 
Up to the present time, most observers have attributed this 
melting, in part at least, to the effect of central heat. Not- 
withstanding, when we ascend a glacier during a hot day, we 
cannot. fail to be struck by the quantity of small streams 
which furrow the surface, and we are easily persuaded that 
this quantity greatly exceeds that which escapes underneath 
at the extremity of the glacier. But in this case, what be- 

VOL. XXXVI. NO. LXXI.— JAN. 1844. L 
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comes of this great mass of water t This is one of the great; 
problems of the study of glaciers, and on its solution depends 
greatly the fate of the theory of infiltration. The firsi; 
6bseryations on the lowering of the surface by melting, or, "fco 
adopt the phrase of M. Agassiz, by the ablation of the surfaco, 
were made in the year 1841, and published in Jameson's 
Journal, vol. xxxiii. p. 275. When we revisited the glacier in 
the month of July 1842, the position of our cylinders was 
known by a small hillock of rubbish, like a gigantic mole- 
hill, in the midst of which our No. 13 stood, indicating a 
subsidence of about 4 feet. As the locality of this hole or 
bore is rigorously determined, and easily discovered, all may 
continue for the future to examine the amomit of the ablation 
of the surface in a given time. Supposing that this ablation 
shall, on the average, amount to 10 feet a year, and that the 
glacier continues to progress at the same rate, in other words, 
at about the rate of 200 feet per annum, our cylinder No. 1 
should arrive at the surface at the end of about fourteen years, 
and that at a distance of about 3000 feet from its original in- 
troduction.* 

Of three stakes introduced into the ice close to the same loca- 
lity (see p. 155), two appeared at a height above the surface of 
3 feet 7 inches, and the third at the height of 3 feet 5 inches* 
The stakes placed transversely in the neighbourhood of M. 
Hugi's hut, a quarter of a league farther down, were measured 
somewhat later, on the 20th of July, and gave the following 
indications. The stake No. 1 of the Finster-Aar indicated a 
fall of 6 feet 5 inches ; the stake No. 2 of 5 feet 5 inches ; the 
stake No. 3 of 4 feet 4 inches ; and the stake No. 1 of the 
Lauter- Aar of 5 feet 2 inches. The other two stakes B and 
C, of the Lauter- Aar, had lost their marks from friction. From 
these data it results that the central part of the glacier, that 
is to say, the portion which advances the most rapidly, was also 
the part which had undergone the most considerable ablation. 

* In the paper by M. Agassiz quoted above, he speaks of 14 cylinders, and 
mentions that the 14th was one foot and a half under the surface in Septembe 
1841 (p. 276.) According to M. DesiMr, there were only 13 cylinders, and it was 
the 13th which occupied the position just mentioned in ]841. In the same paper 
(pp. 276 and 277) M. Agassiz supposes 5 feet for the amount of annual ablation, 
and therefore calculates that 28 years must be required for the cylinder No. 1 
reaching the surface, instead of 14 as now estimated by M. Desor. We mention 
this merely to assist our readers in their references. — Edit. 
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Now that we were somewhat acquainted with the annual ab- 
lation at a variety of points, we wished, moreover, to ascer- 
tain what was the amount of the daily ablation. A stake in- 
serted in the ice» at the distance of some hundreds of fcret 
from the JEotel des Neuchatelois^ upon the band of the Lauter- 
Aar, served for these experiments. We surrounded it with 
some flag-stones, placed on the surface of the ice, and went 
every evening and morning to observe the amount of the pro- 
jections of the stakes. The observations were made without 
interruption from the 12th to the 22d of July, and yielded 
an ablation of 2 inches and 1 line per diem. The ablation 
occurs chiefly during the day, and is most abundant on calm 
days, as then the melting and the evaporation both act with 
great intensity: it is less abundant during rainy days, and 
is very inconsiderable, or does not take place at all on misty 
days, or when the surface of the glacier is covered with snow* 
Finally, it is not sensible during the night, except when it rains. 

This loss of substance is so great in quantity, that at first 
sight we cannot but inquire, How does it happen, that, with 
such an ablation, the glaciers can have so protracted a course 1 
for it is manifest that the difference of thickness between the 
origin and the termination of the glacier is not sufficient to ac- 
count for the superficial loss. It must necessarily happen 
Ihen, that the glacier repairs the loss some way or other ; in 
other words, that somehow or other it renews itself during its 
progress. This renovation, or increase by intersusception, as 
M. Elie de Beaumont calls it, is so imperatively required by 
the actual state of matters, that the majority of authors have 
admitted it, whatever the theory be by which they account 
for it. 

The cause which produces this interior renovation can be 
nothing else than the water which percolates into the interior 
capillary fissures, and which, congealing in them, dilates the 
mass of the glacier. The following comparison, though some- 
what trivial, may perhaps facilitate the comprehension of this 
important faot. Let us suppose, for an instant, that instead 
of ice, the glacier were composed of a current of soft paste re- 
posing on an inclined plain, and that every day there was intro- 
duced into this paste some leaven to make it ferment. Let us, 
moreover, suppose, that every day there was taken from this 
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paste a portion nearly equal to the augmentation of the volume 
produced by the leaven, and it would thence result, that, in spite 
of the part daily removed, the part& would nearly preserve 
the same level. Now, this is precisely what happens in the 
glaciers. The leaven is the water which percolates daily into 
the ice, and which, dilating by congelation, makes the mass to 
swelH and thus repairs the loss of substance which the glacier 
midergoes at the surface. Only, the action of the leaven is 
in this case different at different seasons ; and every thing 
leads to the-conclusion thatit is much more energetic in spring- . 
time than in the midst of summer. In winter, when there is no 
water on the surface of the ice, nor in the crevasses, and when 
the falls of snow begin to replace the rains of autumn, the 
dwelling must cease, as must also the movement.* 



Observation on the Planet Venus' at the time of its Superior 
Conjunction. By Thomas Dick, Esq. A^M-t 

On Monday the 2d October 1843, the planet Venus passed 
the point of its superior conjunction with the sun at 4h. 15^ m. 
P.M. It is only at this period that Venus can present to an 
inhabitant of the earth a full enlightened hemisphere. At all 
other times this planet presents the appearance either of a 
crescent, a half moon, or a gibbous phase, when viewed with 
a good telescope. Most astronomical writers have asserted 
that it is impossible to see this planet at the time of its supe- 
rior conjunction. Mr Benjamin Martin,, an eminent mathe- 
matician, asserts, both in his " Gentleman and Lady's Philo- 
sophy," and in his "Philosophia Britannica,'^ that "at and' 
about her upper conjunction, Venus cannot be seen, by reason 
of her nearness to the sun ;"^ and, again, ** at her superior 
conjunction, Venus would appear a full enlightened hemi- 
sphere, n:ere it not that she is then Tost in the sun^s blaze^ or hid 
behind his body.'' In the Edinburgh Encyclopaedia, article 

* From the BihKoihlqae Universelle de Geneve, Nos. 88 and 88. 1843. 

t To Professor Jameson. 

[SiB, — The above observation is sent for insertion in the "Edinburgh New 
Philosophical Jouma]/' should you deem it worthy of being recorded. It is an 
observation, so far as my knowledge extends, that has never been previously 
made.] 
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Astronomy, it is said, when describing the phases of Mercury 
and Venus, " their luminous side is completely turned to the 
earth at the time of their superior conjunction, when they 
would appear like the full moon, if they were not then eclipsed 
by the rays of the sun,''' Other writers have expressed them- 
selves in such language as the following: — ** When Venus is 
on the other side of the sun, in which she appears in the same 
sign with him, she cannot be seen in the heavens, being lost in 
the effulgence of the solar rays," &c. 

It is nearly thirty years since I published in Nicholson's 
** Philosophical Journal" (vol. xxxvi. p. 169 — 128), and other 
scientific periodicals, a series of observations made on the hea- 
venly bodies in the day time, in which I shewed that Venus 
could be seen when within less than two degrees of the sun, 
either to the east or to the west of that luminary, having 
several times seen her in these positions ; and, consequently, 
that she could be as easily seen at the same distance north or 
south of the sun at the moment of conjunction. But I had no 
opportunity of making this observation for many years, either 
on account of a cloudy atmosphere, or of the planet being too 
near the sun at the time t>f the conjunction. On the 2d of Oc- 
tober last, the weather being favourable, the experiment was 
tried and found successful. At two o'clock p.m. — only two 
hours before the conjunction — I perceived the planet distinctly, 
and kept it in view for nearly ten minutes, till some dense 
clouds intercepted the view. It appeared tolerably distinct 
and well-defined, though not brilliant, and with a round full 
face, and its apparent path was distinctly traced several times 
across the field of view of the telescope. I perceived it after- 
wards, about half-past four p.m., only a few minutes after it 
had passed the point of conjunction, on which occasion it ap- 
peared less distinct than in the preceding observation, owing 
to the low altitude of the planet, being then only a few degrees 
above the horizon. The observations were made, not with an 
equatorial instrument, which I generally use in such observa- 
tions, but with a good achromatic telescope 44^ inches focal 
distance, mounted on a common tripod, with a terrestrial 
power of 95 times. A conical tube, about ten inches long, 
was fixed on the object end of the telescope, at the extremity 
of which an aperture 1^ inch diameter, was placed, so as to 
intercept, as much as possible, the direct ingress of the solar 
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rays. The top of the upper sash of the window of the place 
of observation was likewise so adjusted as to intercept the 
greater part of the sunn's rays from entering the tube of tlie 
telescope. The sun's declination at that time was 3"^ 26' south, 
and that of Venus 2° 12" south ; consequently the difference of 
declination was l"" 14'= the distance of Venus from the sun's 
centre ; and as the sun'^s semidiameter was about 16', Venus 
was then only 58' distant from the sun's northern limb, or & 
less than two diameters of the sun. 

This is the nearest approximation to the sun at which I 
have ever beheld this planet, and it demonstrates that Venus 
may be seen even when within a degree of the sunn's marg^in ; 
and it is perhaps the nearest position to that luminary in which 
this planet can be distinctly perceived. It shews that the 
light reflected from the surface of Venus is far more brilliant 
than that reflected from the surface of our moon ; for no trace 
of this nocturnal luminary can be perceived, even when at a 
much greater distance from the sun, nor is there any other 
celestial body that can be seen within the limit now stated. 
This is the first observation, so far as my information extends, 
of Venus having been seen at the time of her siyperior con- 
junction. 

The practical conclusion from such observations is, that at 
the superior conjunction of this planet, when its distance from 
the sun's margin is not less than 58', its polar and eqtiatorial 
diameter may be measured by a micrometer, when it will be 
determined whether or not Venus be of a spheroidal figure. 
The Earth, Mars, Jupiter, and Saturn are found to be not 
spheres but spheroids^ having their polar shorter than their 
equatorial diameters. But the true figure of Venus has never 
yet been ascertained, because it is only at the superior con- 
junction that she presents a fall enlightened hemisphere, and 
when both diameters can be measured, except at the time 
when she transits the sun's disk, which happens only twice in 
the course of 120 years. Thomas Dick.* 

Brouqhty Ferry, near Dundee, 
November 1843. 

* The planet Venus has been, at the superior conjunctions, seen several times 
at less angular distances from the sun tlian that mentioned by Dr Dick. On De- 
cember 30, 1798, it was observed by M. Vidalat MirepoU, in France, at 19' dis- 
tance from the sun's limb« — Connaisaance dea Terns pour l'An« zi. p. 340 ; pour 
TAn. zii. p. 333. 

In a memoir by Dr Wollaston, " On the Finite Extent of the Atmosphere," 
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Suggestions for ike better Ventilation of Sailing and Steam 
Vessels, By Egbert Ritchie, Esq., F.R.S.S.A., &c., Civil- 
Engineer, Edinburgh. (Communicated by the Royal 
Scottish Society of Arts.)* 

The importance of ventilation, as regards ships, while it 
has not escaped the notice of scientific men in the past as well 
as the present time, appears never to have received sufficient 
public attention, although, if there is one place more than 
another in which the salubrity of the air is most essential, it 
is on shipboardL Its great importance, indeed, must be auffi- 
eieiltly apparent, when the navy of Britain, the enormous ton- 
sge of her mercantile marine, and the great number of men 
iberein employed, are considered. 

The confinement in the lower decks and close cabins of 
ships, which are often crowded with many persons generally 
1iK>th eating and sleeping there, cannot be avoided, and 
admits oS little alleviation. In dwelling-houses, if the air 
be vitiated, doors and windows may be opened, and thus a 
Qurr^it of fresh air may be allowed to pass through them, 
while in winter the open fire acts to a certain extent as a me- 
dium of ventilation. Very difierent is a crowded vessel in a 

pubUahed in the Philosophical Transactions for 1823, he has given.an observation 
made by him of Venus, when the planet was 53 minutes distant from the sun. 
The telescope which he used was a small one of seven inches focal length, and 
one inch aperture. He has also g^ven directions for rendering the planet risible 
at a lesa angular distance from the fiun. 

Tha season why Venus is not observed near the superior conjunction with the 
meridian instruments in fixed observatories, is the necessity of employing trouble* 
some apparatus tov keeping off the sun's light, and the comparative inutility of 
such observations. 

Measurements of Venus' diameter about the superior conjunction would be 
useless. On account of the small apparent magnitude of the planet at that time, 
and its proximity to the sun, it would be in the worst situation for the attain^ 
ment of accuracy. A difference between the polar and equatorial diameters would 
be inappreciable, for, at the utmost, it can only be a small Aractional part of the 
miavcHdable errors of observation. 

It may be added, that the planet Mercury has also been seen by M Vidal at a 
veiy small distance from the sun. — £dit» 

* (Abridged from a paper Read before the Royal Scottbh Society of Arts, 
April 10. 1843, Illustrated Iqr Diagrams and Models.) 
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gale of wind, with scuttles closed and hatches closely fastened 
down, and no means provided for fresh air below, but wha^t can 
find its way by an opening of a few feet square, where the vi- 
tiated vapours of human exhalations from the healthy, the 
sick, perhaps the dying, come steaming up the same aperture 
down which the fresh air struggles to find its scanty way to 
the noiserable inmates. Stormy weather is often prolonged for 
weeks, during which several hundreds of persons are almost 
continually confined to the lower deck. This I have myself 
witnessed, and their situation there can be no difficulty in 
imagining. The impurity of the atmosphere below is a chief 
source of the great injury to the general health which arises 
in long voyages, more especially in tropical climates. If the 
robust sufibr from this impurity, how muc^h more injurious 
must it be to the invalid or the delicate. In troop or trans- 
port ships, the constitutions of the men are frequently enfee- 
bled in place of being strengthened by the preliminary voy- 
age ; and on board of ship, deficient ventilation always aggra- 
vates the horrors of sea-sickness — ^the olfactory nerves seem- 
ing to increase in acuteness. The smell of bilge-water, or 
that stagnant corrupt water which lodges in the bottom of 
tight vessels, and sends forth offensive odours of sulphurous 
hydrogen and other gases, combined with the closeness of 
the cabins in sailing vessels, few can endure ; and this is often 
farther increased in steamers, by the odour of the hot rancid 
tallow used for greasing the engine. There are few, indeed, 
who are not fully aware of the annoyances resulting from such 
causes ; and the close sickly efiluvia of the cabin — from that 
of the. large vessel to the common ferry-boat — makes many a 
one rather submit to the inclemency of the weather on deck, 
than to be overpowered with nausea below. 

If the eyils of imperfect ventilation are so palpably expe- 
rienced even in the best cabins and sleeping-berths of all 
ships, and in those more especially where there are no side- 
ports, what must be the case in the steerage and fore-cabins of 
passage-boats, and still more in the confined berths which are 
commonly allotted to seamen in merchant ships when between 
decks ! The common seamen in general suffer less from ne- 
glected ventilation than most other classes of persons at sea, , 
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which undoubtedly arises from their passing so great a por- 
tion of their time in the open air. Still, numerous examples 
even from that class might be given, to shew the importance of 
a regular supply of pure air between decks, and the constant re- 
novation of that which has been vitiated. I need hardly allude 
to the extreme cases of direct poisoning from asphyxia by the 
fames of mephitic gases, it being well known that many persons 
have perished from suffocation, by shutting themselves up in 
close cabins with stoves.* But the general evil is the slow un- 
dennining of the constitution, the debility, relaxation, and in- 
jury to health, often a proximate cause of fever engendered by 
confinement in, or breathing continually, noxious, tainted, 
and unrenewed air. In warm climates, these evil results are 
aggravated tenfold. The following remarks by a very intel- 
hgent naval friend on the African coast, contained in a letter 
which I recently received, describes the subject in forcible 
terms, and proves that even the insalubrity of the atmosphere 
from miasmatic influences, may be rendered more noxious 
from deficient ventilation. 

" On the lower deck of our little craft, were stowed away 
109 persons, ship-stores, cook'^s coppers, &c. Never did I be- 
fore feel so much the importance of a thorough ventilation. 
To sleep in such an atmosphere is next to impossible, and 
when exhausted nature sinks into repose, it awakes with that 
sickly and feverish sensation, which betokens the derangement 
of your physical system, and that you have been inhaling a 
poison which is slowly but surely preying on the vitals of your 
constitution. To you who have devoted so much attention 
to this subject, it cannot excite surprise. That disease and 
death should be frequent, is only what every rational and scien- 
tifio person would expect. Climate is blamed for every disease 
that appears in foreign stations, but I have not the slightest 
doubt that the want of a thorough method of ventilation on 

* Seyeral instances are mentioned by Dr Andrew Combe in his Elements of 
Physiology. In a large steam-ship I lately examined, I found eleven men and 
three boys in a cabin below, about 12 feet by 8 feet, — and no air or light admit- 
ted bat by the fore hatch, which measured 3 feet by 2 feet ! It is high time 
the comforts of seamen in the mercantile marine were more attended to, which 
vould raise the status and increase the efficiency of this JuMi class. 
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ship-board has in very many cases laid the system open i^o 
disease, which in more favourable circumstances could ha^e 
been easily removed. The man who could improve the pre- 
sent wretched system would be justly entitled to the thanfes 
of every humane and benevolent individual,^'* &c.* 

Such is the condition of a small crowded war sloop. It mary 
be said with some truth, however, that the evils of defective 
ventilation are less felt in large men-of-war than in other sailiug 
vessels, as the regularity and attention to the cleanliness and 
comfort of the men, and the airing of the lower decks by the 
gun-ports, afford facilities unattainable in merchant ships. 
Still, ia the lower or orlop deck of all ships, there is difiBlculty 
in establishing a constant uniform current of fresh air.. The 
usual means adopted in sailing ships to supply air below are 
wind-sails ; these are canvass funnels suspended so as to catch 
the wind and convey it downwards. The defects of this mode 
of ventilating the lower decks of ships were very ably pointed 
out a century ago (1741), in a communication by Dr Richard 
Mead, F.R.S., and William Watson, F.R.S. (Phil. Trans., 
vol. xliL 1742), and several plans were suggested for introduc- 
ing a better method. The chief inconvenience of wind-sail 
v^[itilation pointed out is, that it cannot be of use either in 
calms or gales ; hence it is not to be relied on when most 
wanted. 

The great sickness in war and transport, or troop and hos- 
pital ships, in the early part of last century, of which we have 
a striking instance in Lord Anson'*s voyage, 1741, where it is 
stated — " Our men dying four, five, and six in a day, and out of 
a crew, but three months before, of between 400 and 500 men, 
almost all of them in health and vigour, the lieutenant could 



* Afarfthereorroboration appears fi*eqaently in the daily prixijts. As an example. 
— Portnmmthy October 7. 1843. The Cygnet 6, Lieutenant Wilson, arriyed on 
Monday from the west coast of Africa. She has been 3i years in commission, and 
has been remarkably healthy, and not a single death has occurred from fever of 
the country. This may in a great degree be attributed to her roomy and weU 
ventilated lower deck ; while the Rolla, Buzzard, Lynx, and Forrester, suffered 
dreadfully from want of proper vmtitaHon. Most of these vessels had two or three 
commanders, and almost a eompUu ehcmge of officers and crew, during the three 
years. 



I Sailing and Steam^Fesieh. 171 

not muster more than two quarter masters, and six fore- 
mast men capable of working,'^ attracted the attention of the 
Boyal Society of London ; and, as remarked by Mr Watson, 
p. 172, Phil. Trans. 1742, " of these two very ingenious and 
industrious members, the Rev. Dr Stephen Hales and the Rev. 
Dr Desagoliers, the first of whom introduced an instrument 
which he called the ship's lungs, and the latter a machine, 
which was an improvement of the Hessian Bellows." 

In the year 1735, Dr Desaguliers first brought forward an 
account of an instrument or machine for changing the air of a 
room, by forcing in fresh air or removing foul. (Phil. Trans, 
wl. xxxxix. 437-) This machine, which he named " Centrifu- 
gal bellows," he recommended for extracting the foul air from 
between the decks in ships, and supplying fresh air. It was 
very similar to the wind-fan used at this day. He considered 
it an improvement on, and more effectual than, Mr Papin'*s 
bellows, as being able either to suck out the foul air, or throw 
in fresh. It was evidently a revival of the plan of a ventila- 
tor communicated to the Royal Society of London by Denys 
Papin in 1705, who says, in a letter to Dr Fred. Slare — " I 
don^t question you have seen the new contrivance, an account 
of which was printed at Leipsic, in Actis Eruditomm, anno 
1699, with this title, ^ Rotatilis suctor et pressor Hassiaeus,' 
and it may be aj^lied for wind as well as water."" " I have, 
therefore, improved the Hessian bellows," fee. (vol. xxiv. Phil. 
Trans.) The improvement of M. Papin consisted in making 
the vanes of the fan eccentric in place of concentric, or he 
changed its cylindrical into a spiral form, which adaptation 
has of late years been so highly recommended. By working it 
with his foot, he could produce a wind to raise a weight of 
two pounds— (Ree^s Eno.) Dr Desaguliers did not, however, 
adopt M. Papin's plan of the eccentric vanes, and though he 
otherwise improved the machine, it was never very effective. 
Dr Ure remarks, in the Arch. Mag. 1837, *' from the defec- 
tiveness of its construction, as well as the small area of its 
&charge-pipe, it was probably not misnamed a philosophical 
toy by Sir Joseph Ackworth, then first Lord of the Admiralty, 
who went down to Woolwich to see its performance in ventila- 
tmg the hold of H.M.S. Kinsale." It is but fair» however, to 
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mention, in justice to the ingenious and philanthropic Dr De- 
saguliers, that he complains of the great difficulty he had in 
getting a proper trial of his machine by the Lords of the Ad- 
miralty in 1740. Exper. Phil. vol. ii. 4to. 

The wind-fan, or blowing- wheel of Dr Desaguliers on a Xaxge 
scale, was fitted up under his own directions in a chamber over 
the House of Commons, to draw the hot and foul air out of the 
House ; it was worked occasionally from 1736 to 1743. As 
Dr Desaguliers in his Experimental Phil. 1744, regrets much 
the opposition manifested to his ventilator, and the injustice 
it received, it is not likely it was ever much used in ships ; 
but it was an ingenious and simple contrivance, and if it had 
had the modern improvements of construction, it would have 
been more successful. 

The blowing-fan is seemingly of much greater antiquity than 
these inventions. It is noticed in Agricola de Be Metallica 
(Paris, 1541.) It is obviously derived from the grain fanning- 
mill, which is generally supposed to have been introduced into 
Europe from the Chinese by the Dutch. In the Gent. Maga- 
zine, May 1747, a representation is given of a grain fanning- 
mill, seemingly an old invention, used in Silesia, easily con- 
verted into Dr Desagulier's machine.* 

The value of the wind-fan as a ventilator is every day be- 
coming more appreciated. After the lapse of a century the 
plan has been again revived, and it has been made use of in 
some steamers within these few years to ventilate and cool 
the furnace-room, and it was likewise adopted by Dr D. B. Raid 
for the general ventilation of the vessels fitted out for the late 
African expedition (Lit. Grazette, 1841), in the Victoria and 
Albert Steam Yacht, and in other instances. The blowing- 
fan is now much approved of for many ventilating purposes, 
such as for mines, factories, power-loom mills, &c., wherever 
steam-power can be readily obtained to propel it ; and where 
there is a surplus power. In several public buildings, such 

as the Old Bailey Session-House and Reform Club House, 

- _ ^ ~ 

• Herbert, in his Encyclopiedia, mentions, that the first blowing-machine on 
this principle of which we have a distinct account, was that invented by Teral,' 
1729 ; but it is clear that it was recommended by Fi^in for ventilating puiposes 
many years before. 
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London, and others, it has been made use of for ventilation, 
driven by small steam-engines. Even in crowded sailing ves- 
sels, it would be found a very efficient machine, as described 
in the Arch. Mag. 1837- It might be still more applicable if 
constructed to be easily unshipped, and on such a scale as, 
while the quantity of air drawn off is not too much diminished, 
it might be easily worked by relays of a few men. Several 
important improvements have lately been made on the eccen- 
tric blowing-fan, such as the proper angle ascertained, and 
number of the vanes to effect the greatest discharge of air ; 
and a farther improvement has lately been made by a house 
in Glasgow (Mechanics' and Engineers' Mag., June 1843), by 
expanding the capacity of the centre for the better admission of 
the air. By this simple modification, it is stated the capabili- 
ties of the fan are found experimentally nearly doubled, while 
the disagreeable noise attending^the working of the common fan 
is wholly avoided. 

The other plan alluded to in the communication to the 
Royal Society in 1742, was " the ship'*s lungs," the ventilator 
of the celebrated Stephen Hales, D.D., F.R.S., Rector of Far- 
ington, &c. Of the various schemes for ship ventilation in 
former times, this appears to have been the most successful, 
and is still well deserving of notice, and of being kept in 
riew, altbough it is not now in use. Several papers in the 
Phil. Trans, of last century speak in high terms of its utility 
on shipboard. In May 1741, Dr Hales' description of his ven- 
tilator was read before the Royal Society of London. It is 
mentioned in the Gent. Mag. 1743, as curious, that tihe same 
year, 1741, in which Dr Hales brought forward his invention, 
one of a similar kind was invented by Martin Triewald, Cap- 
tain of Mechanics to the King of Sweden ; and that the like in- 
vention should have been made in Stockholm and London is 
veiy extraordinary. 

In 1743, Dr* Hales published his Description of Ventila- 
tors,* &c. In this treatise he notices the ventilator of Trie- 



• A Description of Ventilators, whereby great quantities of fresh air may be 
conveyed into mines^ ships, &c., vol. i., 8vo. London, 1743 ; vol. ii. 1758. A copy 
^l be found in the British Museum. 
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wald, an account of which was read before the Royal Society 
of Sweden, 3d April 1742,* and a description of it published 
by order of his Swedish Majesty, called a deduction of the 
usefulness of his engine on board of ships only, and a trans- 
lation of the work, was communicated by Cromwell Mortimer, 
M,D., Sec. R.S. to Dr Hales. M. Triewald's ventilator drew 
the foul air from under the decks of ships ; the least it exhausted 
was 36^72 cubic feet of air per hour. In men-of-war and hos- 
pital ships this machine was placed on the upper deck, direct]/ 
over the great, or any other hatch, and the pipe going down be- 
tween decks drew out the unwholesome air, which was in- 
stantly supplied by fresh. In 1742, all the men-of-war of the 
Swedish navy were fitted with them, and in that year the 
king of France ordered all his navy to be provided with these 
ventilators. 

Dr Hales, in his Treatise, also mentions the ventilator of 
Nathaniel Henshaw, M D., F.R.S., who printed an account of 
it in a treatise called Aero Chalinos, or Register of the Air, 
1677. Dr Hales gives the following account of it : — ^In order 
to have the benefit of change of air without going out of the 
house, he would have a room, which he calls an air-chamber, 
to be built 12 feet square, and air-tight every where, with a 
very large pair of organ bellows to be placed in the room, to 
or from which air is to be conveyed through the wall by a 
copper pipe, with valves to open inwards or outwards as occa- 
sion shall require. With these bellows the air in the room is 
either to be condensed, made heavier by forcing air in, co* 
lighter by conveying air out of the room. Should a person de- 
sire to be in air so heavy as to raise mercury three inches, 
then the air must be forcibly drove into the room by the bel- 
lows ; and vice versa, it must be drawn out when it is required 
to have the air so much lighter than the outward air. The 
pressure to afi'ect the air in the room would be immense; 
whether to condense or rarify it so much, it would be 38,304 lb. 
troy in the opposite direction. He proposes by this means to 
cure fevers, &c., the patient remaining in this chamber, as 
also to prevent sea-sickness, by confining the person in such a 

* These Ti'ansactions are in the Library of the Royal Society of London. 
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nbin. Dr Hales says, some have said his ventilator and this 
are the same ; but he declares their difference is wide in prin-» 
mple; besides, the make of his is very different from organ bel- 
lows. He then gives an account of his ventilator^ which has 
tiie merit of being easily and cheaply constructed ; and as it 
was much valued at the time, and long afterwards, I shall give 
a short description of it. It consisted of two oblong air-tight 
boxes, placed parallel to each other, having wooden boards, 
or midriffs, closely fitting the interior section of these boxes, 
hinged at one end, and drawn up or pushed down at the oppo- 
nte end by means of upright iron rods attached to a lever, 
moving on a standard between the boxes. By the elevation 
or depression of the midriff, effected by the alternate raising 
and depressing the ends of the lever, the air was drawn in or 
forced out of the boxes, by a series of valves, some opening in- 
wards and some outwards, at the opposite end from where 
the iron rods were ; there was a casing placed over four of the 
valves which emitted the foul air, communicating with an 
air-trunk, or pipe, which led off the air in one body. But 
without drawings, it is not easy to convey a correct idea of the 
machine. It could be used either to throw in fresh, or to draw 
off foul air. Dr Hales describes the application of his ventila- 
tor to H. M. Ship Captain. The ventilator was about 10 feet 
long, 5 feet wide, and 2 feet deep. It was placed flush, or even, 
with the floor of the orlop deck, and the trunk or vitiated air- 
pipe went through the gun and upper decks, near the side of 
the ship to the top of the gunnel. Two men, standing on the 
orlop deck, worked the lever, which was 12 feet long ; and, from 
the number of men in large ships, the labour was small. The 
lever and standard were made to unship, so that little obstruction 
arose from this machine. The air to supply that which was 
pumped off passed down the hold by the open hatches, or other 
means provided, and the current waa so gentle as not to be per- 
ceptible. From the number of open passages, its motion was 105 
times slower than when passed off at the orifice of the ventilator. 
When the hold is to be ventilated, the doors into the gun- 
ner's store-room are opened, and all the gratings on the gun- 
deck covered with tarpaulins, leaving all the doors open of 
those cabins or rooms which want ventilation. The ventila- 
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tors were made of different sizes, acoording to the cla.8S of the 
ship. A large sized one for a first or second-rate is already 
given, and for a 50-gun ship Dr H. proposed it should be 4 feet 
3 inches wide, 9 feet long, 1 foot 6 inches deep, trunk 10 square 
inches ; for a 20-gun ship, 8 feet long, 4 feet wide, 1 foot 
6 inches deep, pipe 9 square inches. Smaller ventilators were 
also made of only one box, portable for such a purpose as air- 
ing the bread-room of ships, sweetening water, &c., having an 
iron rod and cross handle to raise the midriff. One person 
could easily work it for a length of time. Dr Hales strongly 
recommended his ventilator for blowing air through water in 
showers for sweetening it ; also for milk in a similar way, and 
for airing com, and for a variety of other purposes. 

In 1751, in reference to Dr Hales^ ventilator, there are some 
experiments recorded in a letter from Captain H. Ellis, ship 
Earl of Halifax, Phil. Trans., London, shewing its utility, — 
that the ventilator was far from being inconvenient on ship- 
board, and that out of a ship's crew of 130 men, there was not 
one sick on board. So much was Dr Hales' ventilator afterwards 
valued for ship ventilation, that an order in 1756, for venti- 
lating the fleet, was issued by the Lords of the Admiralty. — 
(Bees' Enc, and 3d edit. Enc. Brit.) The ventilators were 
fixed in the gunner's fore store-room, and generally a-head 
of the sail-room, varying according to the class of the ship. 
The power of the large ventilator was very great. At 60 
strokes per minute, the speed at which the greatest quantity 
of air was found to be emitted, 75 tons of air were discharged, or 
4500 tons per hour, or 108,000 in 24 hours ; the velocity of the 
air upwards was at the rate of 3000 feet per minute, or at an 
average rate of 26 miles per hour. In the year 1752, Dr Hales' 
ventilators, it is recorded, were very successfully applied to 
ventilate Newgate prison, and placed in the upper part of the 
building, when, being worked by a wind-mill, they drew out 
the foul air from several wards.* — Gent. Mag. vol. xxii. 

Notwithstanding the acknowledged success of these venti- 
lators in ships, mines, and prisons, still on shipboard there 
must have been objections raised against them, as Dr Hales, 



* Hales' Treatise, vol. ii., London, 1758. 
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in papers in the Phil. Trans., 1751, 1755, combats these, and 
regrets the want of their more general use in ships, for the 
preservation of the health of seamen. Whatever, there- 
fore, may have been the cause of their discontinuance,-— 
and, it is more than probable, it arose from the trouble of 
working them, rather than the space occupied, or even any 
noise they might create, — ^they gradually appeal' to have 
been disused in ships, after all the labour Jiestowed on them 
by their philanthropic inventor. No vestige of them seems 
now in existence, nor were they in use, when I first became ac- 
quainted with nautical affairs, nor were they in the recollection 
of the oldest seamen I have enquired at. 

I have alluded to the communications read before the 
Royal Society in 1742, where the invention of Dr Desagu- 
liers and Dr Hales are noticed. Dr Mead, F.R.S., then 
brought forward Mr Samuel Suttotfs (brewer in London) 
" invention and method for ventilating ship-holds, the well, 
and other parts,"*' and describes the plan as being successfully 
tried on board the hulk at Deptford. The plan was very sim- 
ple ; it merely consisted of a tube, of convenient size, of lead, 
and partly of copper, closely fitted into a hole in the ash-pit 
of the furnace of the ship'*s coppers, or cooking fire, and small 
blanches communicated with this pipe from various places in 
the lower parts of the ship. The defects of this method of 
ventilating by tubes, were particularly examined into, and 
pointed out by Dr Hales ; and, although the principle was 
highly esteemed, it does not appear to have met with much 
encouragement, or to have got into general use, although it 
possessed the advantage over the mechanical rival plans of 
ventilation then in vogue, of requiring no one to work it. It 
seems singular, that Dr Mead should attribute the invention 
of this principle of ventilation to Mr Sutton, and that he does not 
allude to a communication made to the Royal Society of Lon- 
don, seventy years before, recommending it ; any merit Mr 
Sutton could claim, being his suggestion of applying the 
principle to ships. From the Royal Society of London Trans- 
actions it appears, Vol. I., July 3, 1665, Sir Robert Moray 
gave an account '^ how adits and mines were wrought at Liege 

VOL. XXXVI* MO. LXXI. ^JAK. 1844. M 
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without air-shafts.^ At ihe mouth of the adit, a ehinnt^* 
30 feet high, was raised, having a fire-grate cradle placed 
within it, with a close ash-pit, and a tube fitted below the fire 
communicated with parts where the air was to be replaced. 
It is a somewhat remarkable coincidence that this method is the 
very same, which, in 1836, 171 years after, has been success- 
fully applied by Dr D. B. Reid, to extract the vitiated air from 
the present House of Commons. Indeed, it seems naturalto sup- 
pose, that the principle of creating a current by fire-heat, or, in 
ventilation, drawing off foul air from one part to be replaced 
by fresh, must have been the most self-obvious principle which 
mankind in all ages and in all countries could apply ; hence 
various attempts have been made to use this principle of Ten- 
tilation at different times, and sometimes it has proved suc- 
cessful. Dr Desaguliers, in his Mechanical Phil. 1744, seems 
to claim the merit of having first applied fire-draught suction 
to buildings in this country, although he appears to have dis- 
approved, or at least not recommended it for ships, and com- 
plains that Dr Hales seems to have overlooked, in his book, the 
great exertions he had made in this same field for twenty- 
eight years. He says, that in 1715 he published a translation 
of a French book called Mecanique de Feu, by Monsieur 
Ganger, entitled '* Fire Improved," &c. ; and that in 1723 
for clearing the air of the House of Commons, foul air grates 
were fixed under his direction in the closets above the House 
to suck out the impure air. This appears to have been the 
first application to buildings of the principle of mine ventila- 
tion by fire-draught, recommended by Sir Robert Moray ; and 
which plan, though long in use for mines, has only within these 
few years been revived in Britain for domestic purposes. But, 
perhaps, amongst the oldest plans for the ventilation of coal- 
pits is that of producing a current or increased circulation of 
air by the use of large fires^ at the foot of the upcast shaft. 
It is somewhat singular that, when Sir G, O. Paul, Bart., in 
1801, brought before the Society of Arts of London a grate 
which he had invented for consuming the foul air which col- 



* It has perhaps been known for centuries that the circulation is inereated 
\i^ kindling a fire at the top or bottom of one of the ihalts. 
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lects in the upper part of rooms, hospitals, &e., on the prin- 
ciple of sucking in air to the fire, as recommended by former 
inventors, he makes no allusion to the previous suggestions on 
the same subject. 

Dr Desaguliers' objections to the use of foul-air-extracting 
tubes in ships, was the danger of explosion of gases collect- 
ed in the hold when led to the fire. Notwithstanding both 
the objections of Dr Hales and Dr Desaguliers, Mr Sutton, 
who appears to have been a persevering man, obtained, after 
some opposition, a patent for his plan or invention, and Dr 
Mead, in the year 1749, published an account of it under the 
following title : ** A New Method of Extracting Foul Air from 
Ships, in two letters to a friend, by Samuel Sutton ; to which 
is annexed, two relations given thereof to the Royal Society, 
by Dr Mead and Mr Watson, F.R.S , and a discourse on the 
Scurvy, by Dr Mead" (London, 8vo.) In this publication, 
Dr Mead expresses himself in the strongest terms in favour of 
the plan. He says it is '' an invention which does honour to 
our nation, and will in time be found of more public benefit 
than any discovery in mechanics which has been produced for 
these hundred years,^^ — ^that it can be applied to many other 
purposes of life, and deplores the evil spirit manifested to Mr 
Sutton^s plan, and remarks that the preface was written before 
Mr Sutton '' brought him the agreeable news that the Lords 
of the Admiralty had just given orders to provide all the ships 
of H. M. navy with this useful machine." Mr Sutton, in his 
letter, explains how, in 1739, his attention was first called to 
the subject from the sailors on board the fleet at Spithead 
being dangerously ill for want of fresh air ; and after some 
experiments which he made to try the effect of currents of 
rarified air with common chimneys, he brought his plan under 
the notice of the Admiralty, and at length succeeded in get- 
tmg it tried.* From the report of experiments on board 
H. M. S. Norwich, on a voyage to the coast of Africa, it 
did not in all respects come up to expectation. After peti- 



* He mentions the names of Sir Charles Wager and Sir Jacob Ackwortb, 
tevc^eor of the Navy, and Admiral Boscawen^ as having taken some interest in 
his plan. 
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tioning the Admiralty in 1743, he received ''one hundred 
pounds as a reward for loss of time and expense, and fram the 
wish of their Lordships to give encouragement to persons 'WYio 
may turn their thoughts to inventions that may tend to the 
advantage of the navy.*'* Mr Sutton was not satisfied -with 
the report on his invention ; he answered the objections brought 
against it by the captain of the Norwich as to danger from 
fire by sparks coming down the tubes. This, he said, could 
easily be got the better of by lengthening the tubes so as to 
pass through the chimney, and thus all communication vs^ould 
be cut off between the sparlis and the tubes. Mr Sutton like* 
wise complains of the injustice done to his invention by Dr 
Hales, who makes no mention of it in his book, although he 
knew it had been brought before the Royal Society, — ^and that 
the Doctor used his influence to get his own machine used in the 
navy in preference. Mr Sutton, with some boasting, says that 
the benefits of his invention are " perpetual ; while Dr Hales 
attempts to make the air in a ship wholesome by only a few 
hours' use of his ventilators." He adds, his (Dr Hales' ventila- 
tors) " are cumbersome, and take up room, and require many 
hands to work them ; my pipes take up no room but what 
may well be spared, and stand in no need of manual labour ; 
his cannot extract air from the well at the bottom ; mine can.'*^ 

Mr Sutton, however, like many inventors, was over sanguine ; 
only a few years passed on, and both plans, as regards shipis, 
were consigned to oblivion, although, undoubtedly, Mr Sutton's 
plan is more likely to be again revived.t 

In a work called Observations on the Construction of 
Ships, by J. Braithwaite, May 1810, mention is made of a 
method of drawing air from the interior of ships. " It con- 
sists of leading tubes from the most remote parts of ships' 



• Dated 22d Oct. 1743. Signed T. Compton, R. Haddock. 

t Another plan of ventilating the holds of ships was proposed, and brou^t 
under the notice of the Society of Arts of London in 1821, by Mr Jacob Perkins 
of Lon4on, who received a premium for it. He proposed to draw out the foul 
air by means of two tanks half fiUed with water, which communicated freely with 
each other, placed diagonally at opposite sides of the hold, that either ^^heToftl «r 
pitch of the vessel might produce motion. The foul air is conveyed off by means 
of pipes or hose, &c. See Transactions, vol. 38. 
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holds, or between decks, to the galley-funnel, which, being 
constantly heated, the circulation of the air from the ex- 
tremity of the tube to the heated end becomes the natural 
consequence ; and as the hold is hotter than the air in the 
firnnel after the fire is extinguished, the reverse will take place. 
These tubes can with the utmost facility be placed so as to pre- 
vent sparks or soot finding their way down, but which idea was 
so prevalent some years back that they were discarded from 
the navy. Tubes of two inches diameter of copper or iron 
may be conducted along the sides into the after-hold, pump- 
weD, or any other part of the ship, with perfect security." 

Notwithstanding this favourable opinion, this method of ven- 
tilating ships has not been extended, probably from the feel- 
ing of insecurity against fire. In steam-ships, however, 
where the powerful ascending current from the chimney-fun- 
nel can always be had recourse to, such a method of ventila- 
tion, with proper precautions to prevent danger from fire, may 
come into more general use. A very general but obvious error 
seems to have existed in the over estimation of the eflFect of 
tubes of two inches diameter, as already stated, to produce any 
very decided influence on large masses of air. The very limit- 
ed portion which can possibly pass from such tubes to the 
galley-funnel in a sailing vessel, compared with the quantity of 
air requisite to be renewed, must in most cases make this plan 
of ventilating very ineffective. In a building which I lately 
visited, where a similar plan was adopted for ventilating it, 
the extracting air-tubes were only two inches in diameter for a 
crowded room of ordinary dimensions, supposing the velocity of 
the current moving even at a quick rate, there being no provision 
for the supply of fresh air, the effect of the abstraction of this 
small portion must have been little in comparison with the 
volume of air in process of vitiation. Hence, in any plan of 
ventilation for extracting air by means of tubes, these must be 
proportioned to the space ; and unless combined with fresh air 
supplies, cannot be effective.* 

* One of the moet useful instances of this mode of ventilation that I have observed, 
was adopted several years ago at an extensive cotton-mill in the north of Scot- 
land, where a direct communication was made on the different floors with the en- 
gine-chimney, to suck out or extract impure air, but no provision for fresh air was 
made, which is left to find its way through crevices or the windows when open. 
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As the plan of ventilating-tubes by Mr Sutton has been so 
Jong known and tried at different periods, it would appear with 
considerable success, it is well deserving of consideration whe- 
ther this plan could not be so far improved as to render it a safe 
and useful modeof ventilation for sailing vessels — ^not overcrowd* 
edYfith. passengers ; for in the latter case, no plan of this kind 
can be adequate from the obvious difficulty of having tubes of 
sufficient size and number to produce a constant renovation 
of the air. But in ordinary circumstances, by enlarging, as 
much as conveniency will admit, the foul-air tubes from the 
respective ceilings or beams of the under-decks, cabins, bread- 
room, hold, and well, leading to the galley or cooking-fire ; and, 
secondly, by providing ample fresh-air tubes to convey air down 
to the lower part of these places, a very beneficial system of 
ventilation could be maintained. But the difficulty, as regaards 
communicating these tubes, with the galley-fire and danger 
from sparks, must, as a preliminary point, be got the better 
of, which, in my opinion, might be done, by making the hori- 
zontal foul-air trunk, which collects the air in one body from 
the different ramified tubes, pass through a cylindrical boiler 
of small diameter heated with steam or hot- water raised by 
the galley-fire, but entirely separated from it, at least the ex- 
tracting pipe to have no connexion with the galley-fire, but 
simply passing through the steam or hot-water, and the foul- 
air escaping at a sufficient elevation. As the air, when rarified 
in the tube, will immediately receive motion, it is of no conse- 
quence as regards the principle of establishing a current, whe- 
ther the air is heated by coming in contact with the fire itself 
in the ash-pit, or not. There will indeed be the difference of 
temperature between steam-heat and that of the ordinary 
fire, to diminish to this extent the velocity of the current ; 
but this may be so far compensated by the enlargement of 
the air-extracting pipe in passing through the boiler, and by 
the uniformity of heat ; besides which, what is most import- 
ant, all danger from tubes communicating with the ash-pit 
and galley chimney will be entirely avoided. The same fuel 
which would create a draught by Mr Sutton's plan, would 
raise steam or hot-water. As salt-water would be probably 
used in the boiler, the evaporation might be made subservient 
to other purposes. 

CTo be concluded in next Number. J 
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Sfcitice of Observations on the Detelopement of the Semmat 
Fluid and Organs of Generation in the Crustacea, By 
Harrt D. S. Goodsir, Conservator of the Museum of the 
Royal College of Surgeons in Edinburgh.* Communicated 
by the Author. 

Shorflj before the maJe Crustacean comes into season, the generatrra 
•TBtem is observed to change its appearance very considerably, so as to 
aHome a very different aspect from that which it generally bears. This 
change is first observed in the testicle itself, which, when inactive, is al- 
most altogether lost in the folds of the liver. The first change which 
takes place is in the size of the gland, which is produced by means of the 
genninal cells^t in each acinus of the gland becoming active, secreting, 
and filled with small nucleated cells ; this secretion goes on until the 
germinal cell is quite full, when it bursts and empties itself into the cavity 
of the acinus« After these small nucleated cells, or, as we shall now 
term them, '' secondary cells," have lain in the cavity of the acinus for 
some time, they also begin to take on an active character as secretive 
cells, and become in their course downwards towards the vas deferens 
very much larger and at the sametime filled with joung cells. We shall 
now then follow them in their course from the acinus down to the vas 
deferens. In the aeinus we find the greater number merely increased 
slightly in size, a considerable number, however, already contain two, 
three, four, or more cells, and a few are even as large as those found in 
the epididymis. As we descend and examine the contents of the epi- 
didymis, which appears in this class of animals to be a kind of receptacle 
for the proper elimination of these cells, instead of finding a great num- 
ber of simple nucleated cells, we find it containing, with very few ex- 
ceptions, parent cells, large, and distended with young ones. We still, 
however, find a few of these parent cells with only one, two, or more 
young within them, and others still in the same state as when they left 
the acinus, from which they had originally been secreted. On descend* 
ing still &rther, and examining the contents of the vas deferens, we will 
&id that these parent cells are all large and distended with young, and 
some of liiem even burst, with the young lying scattered around about 
the empty celL These cells, however, which burst in the vas deferens 
aie precocious, although we find examples of it taking place in the epi- 

* Being an abstract of Part I. of Cmstaieealogical Researches, preparing for 
pablication. 

t On the Ultimate Beereting Stnictiure, and on the Laws of its Functions. By 
Mr John Qoodfcir. In tiie Transac. of the Royal Soc. of Edinburgh, vol. zv. 

Pvtu. 
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didjmis, and even higher up the gland, for in general all these pafent 
or secondary cells are thrown into the spermatheca of the female before 
they burst. Preparations, however, for this destruction of the parent 
cell seem to be going on in the vas deferens of the male a long time even 
before the testicle has arrived at its maximum state of periodic develope- 
ment^ for the difference between the cells in the epididymis and vas 
deferens is quite apparent. Those in the former are quite full of young 
cells^ the walls of the parent cell lying tightly and closely upon^ and 
binding them together as it were ; whereas those in the latter, although 
quite distended, are not full altogether of cells, but with a fluid whicli 
appears to separate the young contained cells from one another^ and 
from the walls of the parent cell. K a female crab can be procured 
shortly before spawning, the spermatheca will be found quite full of 
these young cells^ which we shall henceforth term primary, or sperma- 
tozoal cellsj with a few parent or secondary cells floating, amongst 
them. If the crab is still farther advanced, we will find that these se- 
condary cells have disappeared altogether. These cells in the sperma- 
theca are suspended in a thick albuminous fluid of a milky colour. 
Throughout the whole course of the testicle and epididymis^ we find 
floating in a thick glairy fluids along with the cells^ in masses of an irre- 
gular-shaped, clear-looking appearance, a substance which apparently 
forms the nutriment of the cells, for this substance is always found in 
greatest quantities high up the organ, where the secondary cells are in 
an active state of growth and secretion, and of course requiring a supply 
of nourishment ; whereas in the vas deferens, after the cells have arrived 
to a state of maturity, little or none of this substance is found. How 
this substance is secreted, or in what part of the organ, I have not yet 
been able to ascertain. The above description of the secretion and de- 
▼elopement of the seminal fluid refers to all the Crustacea. It will be 
found, however, that this fluid varies more or less in its character in al- 
most each species. In the May and June Nos. of the Ann. des Sc. Nat.» 
a translation of a paper will be found, *' On the Seminal Fluid of the 
Crustacea and Cirripeda ; by M. Kolliker of Zurich. That gentleman, 
in the above paper, looks upon the filiform bodies which are found in 
such numbers generally in the interior of the testicle, of the lower Crus- 
tacea, as the spermatozoa. Now, as far as my observations have gone, 
it appears to me that these are parasitic entozoa (Filaria). My observa« 
tions had been directed to these animals sometime before I had seen M. 
Kolliker's paper, at which time I had made up my mind as to their para- 
sitic character, and for the following reasons : From observations on 
the origin and developement of the spermatozoa in the higher Crustacea, 
it had been made out that these were developed from cells, and from 
cells only. Now in every instance these Filaria were always found to he 
the same, never changing their characters in the slightest degree. Be- 
sides, the developement of the seminal cells in these lower Crustacea, 
was always going on in the same way as it did in the higher, and with- 
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out any appeaiance in the primary cells of the enclosed bodies^ being like 
these Filaria. This^ of course, also extends to M. Kolliker's observa- 
tions on the same fluid in Cirripeds, for they must be looked upon now 
as Crastaceans also.* 

As the ova pass through the spermatheca, they come in contact with 
the spermatozoa^ and in this way are impregnated. They also appear 
to obtain in this organ a thick coating of albumen, which afterwards be- 
comes the ovisac. 

The organs employed in this class of animals for the proper defence 
of the ova, after they have been excluded from the ovaries, and during 
the time they are attached externally to the mother, are very interest- 
ing. After a careful analysis, they will be found throughout the whole 
dass to be either legs not fully developed, or parts of these organs very 
much developed. The first of these divisions will be found to exist in 
the higher Crustacea, such as those belonging to the Brachyura, the 
Anomoura, and Mactoura ; this form is also found in the Araneiformes. 
It is in the Stomapoda we first observe these organs assuming another 
character, namely, that of protecting scales. We find this character gra- 
dually making its appearance, however, in the lower Macroura, as in 
Hippolyte and Palsemon, where we find the ova attached by means of 
filaments to broad scales, and in the other genera ; if this is not present, 
the usual armature of the body will be observed enormously developed, 
80 as in some cases almost to meet, by means of their edges^ on the ab- 
dominal surface of the body. 

In the Amphipoda, Lsemodipoda, and Isopoda, we find these ovigerous 
scales bearing a considerable resemblance to those of the Stomapoda. 
In the Branchiopoda this character still exists, but in rather a more in- 
teresting form. In Apus we find the ova contained in a cavity formed 
by the expansion of the first joint of the eleventh pair of legs into two 
large circular-shaped and hollow plates, which, when closed together, 
form a safe means of defence. Through the genera Branchipus, Artemia, 
&c., we are led to Daphnia, Polyphemus, and Evadne, where we find 
this means of defence in its maximum state of developement, namely, 
one, or perhaps more, pairs of legs enormously developed, so as not to 
cover the ova only, but the whole body. The occurrence of this in 
these animals, is the cause of their unusual and grotesque appearance. 
From this form we are more suddenly brought through Saphirina and 
Cetochilus to the Monoculi, where we find a different means of defence 
altogether. Instead of great developement of the feet, we find one 
pair, or perhaps more, of these organs aborted altogether, and sacs or 
bladders are secreted each time the animal becomes loaded with spawn. 
This form is carried into, and continued throughout all the Siphonos- 
toma, until we reach the Araneiformes, where we again find these or- 
gans assume almost the same appearance as those with which we first 

• Edinbargh New Philosophical Journal for July 1843. Vol. 35, p. 88. 
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^nunenced^ but perhaps more like ordinary feet, to which the ova 
ttfetached in small round pellets. 

The metamorphosis of the larres are peculiar and interesting. Tliejr 
afford good characters for the definition of the higher diyisions o£ tlie 
QbMMi and even good and strong specific characters. 
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At KinfauMy the extremes of pressure during June were 30.24 and 
28.40 ; extremes of temperature 78° and 41'' ; mean temperature 57°.10 ; 
mean temperature of June last year at IQn&uns 55°.86^ last month bein^ 
warmer by 1°*24 ; whereas here there is a difference of nearly six degrees 
(viz. 5°.7l) betwixt the June of the present year with the corresponding 
month of 1842 ; amount of rain 2.10 inches. 

Tidal Phenomena. 

Arhroatk, — A singular phenomenon has lately been very frequently ob- 
served at our harbour. When the tide is makings the tide will come 
rushing two or three feet into the harbour^ at the rate of four miles an 
hour^ for ten minutes or so, and all at once turn and rush out again as 
&st, and again turn and pour into the harbour with its former violence^ 
and continue frequently to advance and recede, when, apparently with- 
out any cause, it will resume its former quiet manner of fulfilling its des- 
tinies. At Perth, Leith, and at Yaletta in Malta, the same phenomenon 
has occurred, and has been ascribed to earthquakes. 

Campbeltown, — On the afternoon of Friday the 7th day of July, an ex- 
traordinary motion of the tide was observed here (Fort George). While 
some carters were employed in lading with timber a vessel on the beach 
about low water, the tide suddenly advanced 50 or 60 yards, surround- 
ing men and horses with a depth of water of about 18 inches, and as ra- 
pidly retired. This rise and subsidence occurred four or five times in 
succession, within a short period. 

The same phenomenon appears to have been observed at Yaletta, in 
Malta, the water suddenly rising to the height of three feet, and over- 
flowing the works of the new dry-dock. During this period, a very 
strong current was running out of the harbour, which the boatmen could 
scarcely stem. It is supposed this circumstance must have occurred 
through some earthquake at a remote distance. 

Ldth, — ^A very singular phenomenon was observed here on Friday the 
7th July. At low- water the tide suddenly rose about six inches, rushing^ 
into the harbour, and in a few minutes again receding with equal veloci- 
ty. — Fide Berwick and Kelso Warder for July 22 and 29, for further par- 
ticulars. 
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Monday^ 6th February 1843. 

Sir T. MAKDOUGALL BRISBANE, Bart., President, in 

the Chair. 

The following communications were read :— • 

1. On the Law of Visible Position in Single and Binocular 

Vision, and on the representation of Solid Figures by the 
Union of dissimilar Plane Pictures on the Retina. Bj 
Sir David Brewster, K.H., — concluded. 

2. Papers on Glaciers. No. 1, Account of a Geometrical Sur- 

vey of the Mer de Glace of Chamouni. By Professor 
Forbes. 

Monday, 20th February 1843. 

The Right Honourable Lord GREENOCK, Vice-President, 

in the Chair. 

The following communications were read : — 

1. On the Anatomy of the Human Placenta. By John Oood- 

sir, Esq. 

2. On the Mode in which Sound is produced and diffused, and 

on the Vibrations caused in the quality of Sound by sub- 
stance and form. By Sir George S. Mackenzie, Bart. 

Monday, 27th February 1843. 

Dr ABERCROMBIE, Vice-President, in the Chair. 
The following communication was read :— 
Papers on Glaciers. No. 2, describing the Rate of Motion of 
the Ice of the Mer de Glace, deduced from observation. 
By Professor Forbes. 

Monday, 6th March 1843. 

The Right Honourable Lord GREENOCK, Vice-President, 

in the Chair. 
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I The foDowing communications were read : — 

I 1. On the Nature, Locality, and Optical Phenomena of Musce 

I Volitantes. By Sir D. Brewster, K.H. 

2. On the Structure of the Lymphatic Glands. By John 
Goodsir, Esq. 

3. On the Determination of Heights by the Temperature of 
Boiling Water. By Professor Forbes. 

The investigations in this paper were made in order to reduce 
certun observations on the boiling point of water, made by the 
author in the Alps, in 1842. 

He considered that it has been too generally assiuned that the 
boiling point corresponds to a barometric pressure which expresses 
the elasticity of steam taken from the usual tables. He, therefore, 
attempted to deduce the connection of these data by a direct com- 
parison of cases, in which both the barometer and boiling point 
were noticed by himself. He finds this result, that the pressures 
increase rigorously in a geometrical ratio, whilst the temperature of 
the boiling point rises uniformly. This law is not new, for Deluc 
arrived at the same result ; but it appears to have been considered 
by all late writers as unworthy of adoption, and the scale of the 
elasticities of vapour by Dalton or Ure has been preferred. Now, 
these elasticities cannot, it is well known, be accurately represented 
by a geometrical proportion to the temperature; but Professor 
Forbes finds that the geometrical ratio represents the barometric 
heights exactly, whilst the tabular elasticities do not. But, farther, 
since the common barometric formula shews that the pressure 
varies geometrically, whilst the height above the sea varies uni- 
formly, we have the same form of relation between the boiling point 
and the barometric pressure as between the height above the sea 
and the barometric pressure, namely, that each is as the logarithm 
of the other. Hence the boiling point falls exactly in proportion to 
the height ascended, and at the rate of 549.5 feet for 1" Fahr. 

Monday, 20M March 1843. 

Sir DAVID BREWSTER, Vice-President, in the Chair. 
. The following communication was read : — 
Papers on Glaciers. No. 3, On the Structure of Glaciers, and 
the cause of their motion. By Professor Forbes. 

Monday, 21th March 1843. 
Dr ABERCROMBIE, Vice-President, in the Chair. 



L 



192 Proceeding$ of the Royal Society of Edinburgh. 

The following communications were read : — 

1. Observations on the Temperature and Hygrometric sta-te 

of the Island of Barbadoes. By R. Lawson, Esq., As— 
sistant-Surgeon of H. M. 47th Regiment. 

2. On the Growth and Migration of the Sea- Trout (Salmo 

Trutta). By Mr John Shaw, Drumlanrig. 
The author has here pursued the same course of experimental 
enquiry regarding the sea-trout, as that formerly followed in rela- 
tion to the salmon. Having obtained impregnated ova, from a pair 
of spawning fish, he conveyed these ova to' his experimental ponds. 
This was on 1st November 1839, and the yoimg were excluded 
from the egg in 75 days. They resembled salmon of the SEune 
age, but were somewhat smaller and paler. They took two years 
to grow about seven inches, and the m^ority were then converted 
into smolts. But about one-fourth did not assume the silvery lustre ; 
and this peculiarity, Mr Shaw thinks, distinguishes a like proportion 
even in the rivers. He then experimented on the smolts in the 
natural streams, and found, that, after descending to the sea, they 
returned as herlings {Salmo alhus of Dr Fleming) in July and 
August, with an addition to their weight of seven or eight ounces. 
These herlings spawn towards the end of the season of their first 
ascent ; and^ after revisiting the sea, they ascend the rivers again 
in the ensuing months of May and June, with an average weight of 
2^ lb. This increase takes place almost entirely in the sea. After 
spawning for the second time, they descend for the third time to 
the sea, and make their appearance again in fresh water in the 
course of the ensuing summer, weighing 4 lbs. They are now in 
their fifth year, including the two^seasons they had passed as fry, 
anterior to the assumption of the migratory dress and instinct. De- 
scending seawards for the fourth time, they weigh about 6 lbs. when 
next seen in the rivers, in the course of their sixth summer. These 
at least were the progressive changes and ratio of increase ob- 
served by Mr Shaw, in specimens distinctively marked, and care- 
fully noted, when retaken in the river Nith successively from year 
to year. The peculiar marks imposed each season are detailed in 
his paper, and the whole subject is illustrated by an extensive series 
of specimens, from the day of hatching, to the middle of the sixth 
year. These specimens are now in the Society's Museum. 

3. Experiments with Hydro* and Thermo-EIectric Currents; 

and an Examination of Metals long exposed to Thermo- 
Electric Cur^nts. By R. Adie, Esq. 
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Monday y 3d April 1843. 

Sir T. MAKDOUGALL BRISBANE, Bart., President, 

in the Chair. 

The following Communications were read : — 
1. Chemical Observations on the Flowers of the Camellia Ja- 
ponica. Magnolia Grandiflora, and Chrysanthemum Leu- 
canthemum, and on three Proximate Principles which 
they contain. By Dr Hope. 

The author first called the attention of the meeting to the prin- 
cipal facts which he had established in the two memoirs read to the 
Society in the year 1836. 1^^, Of these the most important are, 
that when the acids cause a red colour, and alkalis a green or yel- 
low, in a blue vegetable infasion, they act on different substances ; 
—the acids on erythrogen, and the alkalis on xanthogen. 2dly, 
That the compound of alkalis and xanthogen is of a yellow colour, 
and that when a blue infusion is changed to green, it is owing to 
the gradual intermixture of the newly generated yellow with the 
original blue. 

Camellia Japonica, — The blossoms of the beautiful double white 
Camellia Jap >nica are remarkable for the peculiar matters which 
they contain, two of which appear to be distinct vegetable prin- 
ciples. When a parcel of the petals is infused in boiling-hot water, 
and digested for some lime, a nearly colourless infusion is obtained, 
which is not visibly affected by acids. When solution of potash is 
added, a light orange colour appears, which gradually deepens, till 
in a few hours it acquires a very deep orange hue. Solution of 
ammonia causes a similar effect. When lime-water is employed, it 
produces turbidity in the infusion, and a pinkish-red colour. This 
colour gradually assumes a richer tint, and in about 24 Lours ex- 
hibits a deep pinkish-red. The author has applied the same alkal- 
escent agents to above 150 flowers, both white and coloured, with- 
out observing any similar effect. 

To this colourable matter he gives the name of Camelline. The 
author tried the effects of various reagents, but no interesting facts 
resulted. 

When any portion of the flower-leaf is bruised, whether remain- 
ing on the parent plant or removed from it, it immediately begins 
to assume a rusty or ochry tint, which grows deeper and deeper, 
till it arrives at tihe tint of perfect ochre. 

By various experiments, it was proved that tltis change of colour 
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depends upon the action of the oxygen of the air. It takes place in 
a very remarkable degree in oxygen gas, and does not take place at 
all when the contact of air is excluded by an immersion in mercury, 
in hydrogen, or carbonic acid gas. To this brown-growing matter^ 
viewing it as a distinct vegetable principle, Dr Hope gave the name 
of Magnoline, in consequence of its occurring in a very remarkable 
degree in the Magnolia grandiflora and Magnolia conspicua. A third 
remarkable circumstance respecting the Camellia petals, is, that they 
contain a notable quantity of iron. This was little to be expected, 
seeing that iron is so common a source of colour, and the blossom is 
entirely colourless. The author was led to search for this metal in 
consequence of the strong resemblance which the colour which prot* 
oxide and protocarbonate of iron acquire by the absorption of oxy- 
gen from the air, and the colour acqidred by the bruised petals of 
the Camellia bear to each other. Dr Hope is satisfied that the ochry 
tmts of the Camellia are in no way dependent on, or connected with, 
the iron which it contains. 

Magnolia Gramdifiora. — When the petals of the Magnolia 
Ghcmdifiora are boiled for some time in distilled water, a liquor of 
a very light yellowish brown is obtained. This colour is banished 
by sulphuric acid. Solution of potassa immediately causes a deep 
gall-stone yellow^ shewing that this, like other white flowers, con- 
tains no erythrc^n, but aboimds in xanthogen. That matter, which 
becomes of an ochry hue by the contact of air, is very abundant in 
the Magnolia, so that, if the cuticle be scraped off, in less than a 
minute the place of abrasion exhibits the ochry tint. The petals of 
the snow-white Magnolia conspietM exhibit the same phenomena in 
a still more remarkable degree. If a petal of this beautiful flower 
be bruised between the finger and thumb, it immediately becomes 
of a very deep brown, and ere long almost black. Some other white 
flowers, by being crushed and exposed to the air, also acquire the 
ochry tint, but in a much inferior degree to those already men- 
tioned. The ochry-growing matter is not confined to white flowers* 
It exists in different species of the blue flowers of the Aconitum, 
particularly the napellus. 

The third flower of which I>r Hope gave an accoimt, was the 
Chrysanthemum leucanthemum, the ox-eye daisy. A strong decoc- 
tion of the white petals exhibits a light brown colour, which potash 
quickly converts into the usual gall-stone yellow. When sulphuric 
acid is dropped into this decoction, the colour becomes a light prim- 
rose yellow, and the liquid immediately assumes a gelatinous state. 
This jelly gradually becomes more consistent, and, in about a quar- 
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I ter of an hour, it is so firm that the capsule contaming it may be 
I inverted without the jelly falling out. The matter thus gelatinized 
I by sulphuric acid is peculiar to this plant. The author has applied 
sulphuric acid to the infusion of at least 150 flowers, without any 
similar result taking place. The author conceives that the gela* 
tinising matter is a distinct vegetable principle, to which he gave 
the name of Leucanthemine. To support this view, he drew a com- 
parison between it and the coagulable matters, both of the animal 
and v^etable kingdoms, viz. animal albumen, casein, fibrin, and 
vegetable albumen. In drawing this comparison, the author de- 
scribed some remarkable properties of these albuminous matters, 
which have escaped the observation of all the investigators of the 
chemistry of organic substances, and some of which he bad been in 
the habit of exhibiting in his lectures for nearly half a century. 
These are, principally, that sulphuric acid dissolves the albuminous 
matters in the cold, and yields a nearly colourless solution, without 
altering the nature of the albumen. But if the liquor be heated to 
160®, it acquires an extremely beautiful rich crimson hue, during 
which change the nature of the albumen is totally altered. Muri- 
atic acid acts upon albuminous matter nearly in the same manner; 
but the colour which the solution acquires by being heated is a very 
rich purple. The jelly from the Leucanthemum affords no crimson 
colour with sulphuric acid. After pointing out other circumstances 
of difference, the author gave his opinion that the Leucanthemine 
ought to be considered as a distinct substance sui generis, another 
v^etable principle ; and concluded with expressing his hope that 
the CameUia, Magnolia, and Chrysanthemum furnish three to the 
long list of vegetable proximate principles. 

2. On certain Negative Actions of Light. By Professor Moser 
of Koenigsberg. In a Letter to Sir David Brewster. 

3. On the Specific Gravity of certain Substances commonly 
considered lighter than Water. By Dr Davy. 

Monday^ VI th April 1843. 

The Right Honourable Lord GREENOCK, Vice-President, 

in the Chair. 

The following Communications were read -— 

1. On the presence of Organic Matter in the purest Waters 
from Terrestrial Sources. By Professor Connell. 
It must be well known to chemists, that when solution of acetate 
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of lead is added to the transparent and colourless water of springs, 
wells, and riversy a more or less dense white cloud is almost inva- 
riably produced. This reaction has been usually attributed to the 
presence of inorganic salts, such as carbonates, sulphates, aud nau- 
riates ; but it will be found that, generally speaking, this precipi- 
tate is formed even after the water has been boiled ; that it is usually 
dissolved by the speedy addition of a drop or two either of acetic or 
of nitric acid,^ without visible effervescence; and that the agency of 
the water with nitrate of silver is commonly too small to admit of 
its being caused by any muriate. These facts exclude the idea that 
it is due in the general case to carbonates, sulphates, phosphates, or 
muriates ;. although, of course, in those particular cases where the 
water has enough of such constituents to affect acetate of lead, the 
reactions will be modified accordingly. Thus, in some cases, where 
the first action is as above stated, a deposition takes place after a 
certain interval, of sulphate of lead, no longer soluble in weak 
acids. 

It occurred to the author that the true cause of the reaction was 
to be found in the presence of organic matter in the water, derived 
from the decomposition of vegetable matter, in the strata or soil 
through which it had passed. To ascertain whether this view was 
correct, the precipitate by acetate of lead from several quarts of the 
town water of St Andrews was decomposed by sulphuretted hydro- 
gen. After filtration^^ a liquid was obtained, which, besides sul^ 
phuric acid derived from precipitated sulphate of lead, was* found 
to contain some organic matter apparently of an azotised nature ; 
but its amount was too small to characterise its properties with ac- 
curacy. The salt obtained by saturating the liquid with potash, 
yielded by distillation empyreumatic vapour, and left a black coaly 
mass behind. The liquid itself, when neutralized and sufficiently 
diluted, had still a marked action on lead salts ; and it or its potash 
salt produced more or less precipitate after the interval of a day or 
two, in acetate of copper and neutralized persulphate of iron. 

The author has found this matter in the town waters of £din* 
burgh and Glasgow, but to a less extent than in that of St Andrews. 
The Glasgow water shewed the least of the three. He has also 
found it more or less in every instance he has hitherto tried of 
transparent and colourless well, spring, or river water. In rain- 
water it does not exist, and probably could not be found in springs 
above the limits of vegetation, or in snow or glacier water. It 
would seem that it ought to- perform functions of some importance 
in the economy of nature, as contributing in a certain degree to 
the nourishment of plants and even of animals. 
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I 2. Biographical Sketch of the late Sir Charles Bell. By Sir 

■ John MacNeill. 

3. Notice regarding the Bebeeru Tree of British Guiana. By 
Dr A. Douglas Maclagan, 
The plant bearing the above Indian name, and also called Si- 
peeri by the Dutch colonists, furnishes the hard and heavy timber 
kaown by the name of Greenheart. The object of the present 
paper was to state the result of experiments made by the author on 
the bark and seeds of the tree, which had been found by Mr Rodie, 
B.N., to contain a vegetable alkali possessed of the power of check- 
ing intermittent fevers. Dr Maclagan stated that the tree was un- 
hiown to botanists. Sir William Hooker and Dr Lindley had seen 
the fruit and declared it to be lauraceous, but the author had been 
unable to find, in Rees v, Esenbeck's Systema Laurinarum, any 
genus or even sub-order of lauraceous plants, to which he could 
refer it. With regard to its chemical qualities, Dr M. stated that 
he had obtained both from the bark and seieds two distinct alkalis, 
both uncrystallizable, to one of which he applied Mr Bodie's name, 
Bebeerine; to the other he gave the name of Sipeerine. They 
coold be separated by anhydrous ether, the bebeerine being soluble 
in that menstruum, whilst the sipeerine was not. Dr M. had like- 
wise obtained, especially from the seeds, a peculiar crystallizable 
and deliquescent acid, which he called Bebeeric acid, and which 
seemed to be distinct from every vegetable acid hitherto described. 
The author stated that he had instituted experiments with a view 
to ascertain if a soluble salt of the alkalis could be procured, which 
nught be used as a substitute for sulphate of quinine when dear. 
He stated, as the result of his trials, that the produce did not 
amount to more than one and a-half of sulphate per cent, from the 
bark, but he still calculated that if the b^rk could be got at a mo- 
derate price, the salt of the alkalis might be prepared at a cost in- 
ferior to that of sulphate of quinine. Dr Maclagan stated that the 
bark appeared to be better suited for the purposes of manufacture 
than the seeds. The author mentioned that sulphate prepared 
under his directions had been sent out to Demerara, and had been 
tried there with marked success in intermittent fever by Dr Watt ; 
he had likewise used it with success in a few cases of ague in Edin- 
burgh, and also in periodic headache, so that he had no doubt of 
its possessing considerable power as an antiperiodic remedy. Lastly, 
he mentioned that a secret preparation sold under the name of 
" Warburg's Fever Drops," reputed a good antiperiodic, appeared 
to him to be a tincture of bebeeru seeds. 
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Monday, 1,U May 1843. 

Sir T. M. BRISBANE, Bart., President, in the Chair. 
The following Gommunications were read : — 

1. An attempt to explain the Phenomena of the Freezing 

Cavern at Orenburg. By Dr Hope.* 

2. Observations on the Temperature of the Earth in India. 

By John Caldecott, Esq. Communicated in a Letter to 

Professor Forbes. 
These thermometers, made by Mr Adie of Edinburgh, were suok 
4n the ground at Trevandrum, in lat. 8° SC/ 36", to depths of 3, 6, 
and 12 French feet. Mr Caldecott says, — " I send you herewitli 
the readings of my long thermometers, which, from various causes, 
I was not able to put into the ground until the 1st of last May 
(1842). These two months' readings, therefore, will not, of course, 
have the proper temperature at the respective depths, especially as 
it has been raining more or less nearly ever since. StUl, I think 
.they will surprise you, as being (so far as they go) entirely opposed 
to KupfPer's opinion, that the superficial temperature of the earth 
within the tropics is below that of the air, and to Boussingault's as- 
sertion, as to the invariability of the temperature one foot below the 
surface^ The soil in which the thermometers are buried, is one 
which very soon becomes compact again, after having been disturbed, 
so that I do not think the rain can much affect the thermometers 

* * * * The situation is on the top of the Observa- 



now 



tory hill ; the soil, the stone called Laterite." 

A subsequent letter contains the readings for four entire months, 
and confirms the important conclusions mentioned above. The 
mean annual temperature of the air at Trevandrum is 79°.24 F. 



1842. 



May,.... 
June,.... 
July,.... 
August,. 



12 Feet. 



84.672 

• • • 

84.805 
84.240 



6 Feet. 



85.157 
84.562 
83.627 
82.800 



8 Feet. 



83.820 
82.062 
81.025 
80.220 



Air. 



80.09 
79.32 
78.73 
77.90 



The surface of the ground was grass-grown, and the thermometer 
stems quite exposed. 

3. Researches in Hydrodynamics. Second Memoir. On Waves. 
By J. Scott Russell, Esq., MA., F.R.S.Ed., &c. 



* Already published in this Journal, vol* zzzv. p. 191 . 
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SCIENTIFIC INTELLIGENCE. 

METEOROLOGY. 

1. On Electrical Sounds in the Alps, — At length we were free of the 
glacier, and recovered a track by no means obvious, which leads to the 
Chalets of Breuil, leaving upon our left hand the longer and more diffi- 
cult route by the Cimes Blanches, conducting to St Giacomo d'Ayas. 
The atmosphere was very turbid, the ground was covered with half 
melted snow^ and some hail began to fall. We were, perhaps^ 1500 
feet below the Col^ or still above 9000 above the sea^ when I noticed a 
curious sound, which seemed to proceed from ike Alpine pole with 
which I was walking. I asked the guide next me whether he heard it, 
and what he thought it was. The members of that fraternity are very 
liard pushed indeed, when they have not aa answer ready for an emer- 
gency. He therefore replied with great coolness^ that the rustling of 
the stick no doubt proceeded from a worm eating the wood ia tiie in- 
terior! This answer did not appear to me satisfactory, and I there- 
fore applied the experimentum crucis of reversing the stickf so that the 
point was now uppermost. The worm was already at the other end ! 
I next held my hand above my head, and my fingers yielded a fizzing 
sound. There could be but one explanation — ^we were so near a thun- 
der cloudy as to be highly electrified by induction. I soon perceived 
that all the angular stones were hissing round us like points near a 
powerful electricai machine. I told my companions of our situation^ 
ftDd begged Damatter to lower his umbrella, which he had now resumed^ 
and hoisted agaipst the hail shower^ and whose gay brass point was 
likely to become the paratonnerre of the party. The words were scarcely 
out of my mouth, when a clap of Sunder, unaccompanied by lightning, 
justified my precaution. — Prof, Forbes* s Travels through the Alps, p. 322. 

2. Melting of a Watch in the Pochet of a Man struck hy Lightning ^ without his 
being injured, — ^During a violent thunder storm, a fishing-boat belonging 
to Midyell, in the Shetland Islands, was struck by lightning. The electric 
fluid came down the mast, which it tore into shivers, and melted a watch 
in the pocket of a man who was sitting close by the side of the mast^ 
without injuring him. Not only was the man altogether unhurt, but 
his clothes also were uninjured ; and he was not aware of what had 
taken place, until^ on taking out his watch^ he found it was fused into 
one mass. — G. W. Sfence, Esq. 

GEOLOGY. 

3. Rise of the Sea by sudden rise of a body of Subterranean Water ; and 
Flowing of Water of the Sea into the Land. — At Samos in Cephalonia, in 
the summer of 1827; the sea rose about ten feet in perpendicular height, 
and raised on the shore some large masses of stone, brought there for 



200 Scientific Intelligence. — Geology. 

the purpose of forming a new mole on the site of the ancient mole. The 
weather at the time was fine and serene, indeed so calm, that the people 
of the place^ alarmed hj the rising of the water, came into the open air 
with lamps in their hands ; it was at night. The phenomenon was with- 
out apparent cause ; nothing unusual preceded or followed^ — no motion 
of the earth, — not the slightest shock of an earthquake was perceived. 
It might have heen occasioned by a large quantity of subterraneous 
water suddenly rising in the sea. As the adjoining hills abound in 
caverns^ and the natural drainage of the hills takes place chiefly under 
ground^ this explanation is not improbable, especially consideriDg that 
the phenomenon was entirely locals and confined to the shore of Samoa. 
However it may be accounted for, I have thought the fact deserving of 
notice, and worthy of being recorded. There is much that is mysterioas 
in the physical history of these islands, especially in connection with the 
distribution of water, and too nuuiy facts on the subject cannot be col- 
lected ; one may help to illustrate another, and ultimately some satis- 
&ctory explanation may be afforded. 

The next phenomenon I have to mention is very extraordinary^ and 
apparently contrary to the order of nature ; it is the flowing by the 
water of the sea into the land^ in currents or rivulets which descend and 
are lost in the bowels of the earth. This phenomenon occurs in Cepha- 
lonia, about a mile and a half from the town of Argostoli^ near the en- 
trance of the harbour, where the shore is composed of freestone^ and is 
low and cavernous from the action of the waves. 

The descending streams of salt water are four in number ; they flow 
with such rapidity^ that an enterprising gentleman^ an Englishman^ has 
erected a grist-mill on one of them, with great success. I have been in- 
formed that it produces him L.300 a-year. The flow is constant, unless 
the mouths, through which the water enters, are obstructed by sea- weed. 
No noise is produced by the descent of the sea-water^ and rarely is any 
air disengaged; the streams have been watched during earthquakes^ 
and have not been found affected by them. It is stated that fresh water 
is perpetually flowing through fissures in the rock from the land into the 
trench which has been dug for the reception of the mill-wheel, and that 
when the sea-water is prevented rushing in, then the water in the trench 
rises higher by several inches than usual, and is brackish to the taste. 
The phenomenon has been long known to the natives ; familiar with it, 
it has excited no interest ; they appear hardly to give it a thought. It 
is only recently that it has been brought to the knowledge of the Eng- 
lish, within the last five or six years, and it is now become a subject of 
anxious inquiry and speculation. The little information I have obtained 
respecting these extraordinary currents, I owe to my friend Dr White, 
surgeon of the second battalion of the Rifle Brigade ; it was collected 
by him when stationed in the Ionian Islands, several years after my de- 
parture from them. Probably they will soon be fully described ; till 
then, and till they have been minutely investigated, conjectures only 
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can be made respectiDg tbeir cause. — Dr Davy on the Ionian Islandt and 
Malta, ToL i. p. 164 

4. Early Rise of the Nile in 1843. — M. Jomard has communicated to the 
French Academy of Sciences, the curious fact that^ in 1843^ the increase 
of the waters of the Nile at Cairo took pUce two months sooner than usual. 
In that latitude the rise occurs generally between the 1st and 10th of 
July, but in this instance it commenced on the night of the 5th and 6th 
of May. It lasted four, days^ and attained a height of 0.22 metres. 
Brace has instanced examples of second floods of the Nile^ but these 
were late and not early risings ; for example^ that of 1737* which took 
place after the autumnal equinox^ while the waters were falling and the 
country was inundated. He remarks that the same phenomenon oc- 
eoired also in the time of Cleopatra ; but such cases are very different 
from the present one ; for^ during the month of May, southerly winds 
prevail. In Abyssinia, the Nile begins to rise about the 17th or 18th of 
June, at the commencement of the north winds, which rarely fall to blow 
at the solstice (Niebuhr, Forskal). In the narrative of Abdellatif it is 
'mentioned, that, in the year 1200, the rise began about the 25th June, 
but that it was preceded, two months hefore, by the appearance of a green 
colour in the waters of the river. This, however, is a very common oc- 
currence, and quite distinct from the rise now noticed. 

5. Observations on the dissemination of minute Organic Bodies^ still living 
and active, in Asia, Australia, and Africa ; also on the Prevailing Formation 
of ike Oolitic Limestones of the Jura by minute Polythalamous animals. By 
M. Ehrenberg. — After a recapitulation of the investigations he has al- 
ready published respecting the presence of minute living organisms in 
<lifferent quarters of the globe, the author mentions twenty-two new lo- 
calities in Asia, which have afforded him 461 infusoria, consisting of 260 
species referable to 80 distinct genera. The genus Biblarium, hitherto 
met with only in a fossil state, at Cassel, has been discovered alive under 
the form of B, glans, in Asia Minor, near Angora. The genera Spiro- 
diseuSf Tetragramma, Discocephalus, and Disoma, are peculiar to Asia, ex- 
cept, perhaps, the second, which is likewise observed in Lybia. The other 
76 genera are common to Asia and Europe, and only the first mentioned 
of these quarters of the globe possesses species which are peculiar to it. 

In the course of his Memoir, the author points out the advantages 
which arise from subjecting the faintest traces of animal organic life to 
a searching examination, by announcing that the oolitic limestone of the 
Jura formation in Germany as well as in England, wherever it is gra> 
nular, appears to be composed principally of Melonise. The mountain 
limestones of the lake Onega, in Russia, are in like manner composed 
of Meloniae of the same species and size. In many instances^ these 
Meloniae of the oolite limestone are so completely transformed into cal> 
careous spar^ that it is impossible even to discover their heads. In 
other cases, we can recognise a sparry nucleus in the centre of a great 
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number of Meloniae^ whicli at once leads us to snppose that there must 
have been a precipitation of grains of sand at the time when the trans- 
formation into calcareous spar began to take place. The Textilariae, 
and, as &r as yet appears, the Nodosariae^ which are noticed among these 
Meloniae in the oolitic limestone^ as well as in the mountain limestone^ 
present marks of difference from the genera still found in a living state.** 

6. New Volcano in the island of Meleda in the Adriatic, — The Gazzetta di 
MiUmo announces that a new yolcano was formed^ about the middle of 
last September^ in the mountainous island of Meleda, situated in the. 
Adriatic, near Ragusa. In the night of the 14th, the crew of a Roman 
vessel, the Madonna-dl-san'Ciriaco, which happened to be in the neig^h- 
bourhood, and had felt successive shocks for four hours on the previous 
evening, saw lava issuing firom the centre of the island, and flow over a 
space of about half a mile. The following night, while sailing in the 
neighbouring canal, about two miles from land, they observed that seven 
craters had been formed in the mountains of the island, and were throw- 
ing out burning substances. The appearance of this volcano has been 
considered as having an immediate relation to the very violent earth- 
quakes which were felt at Ragusa on the evening of the 15th September. 
However this may be, the following are a few particulars respecting the 
earthquake which occurred at this date. The first shock was felt at 57 
minutes past 4 o'clock. It was severe, and sensibly followed the di- 
rection from south-west. To this first shock, which lasted for four se- 
conds, succeeded another still more violent, which ^continued from four 
to five seconds^ the wind blowing &om the south-west ; and it was ac- 
companied with a subterraneous noise. Other shocks occurred in the 
evening, nor did they cease till midnight. At 28 minutes past 1 o'clock 
on the morning of the 15th, a very violent oscillatory motion in the di- 
rection of south-west was experienced. 

The inhabitants were beginning to become greatly alarmed ; many 
shocks succeeded which took place during the day, and it was at last 
determined to quit the town. A horizontal cloud, which extended from 
the north-east to the south, known in the country by the name of houtre, 
and which appears to accompany every earthquake, and which was very 
coDspicuous during the earthquake of 1669 which destroyed Ragusa, 
again appeared on this occasion, and it was not displaced by the wind. 
At Ragusa Yecchia, the shocks were less severe than at Ragusa, but 
they were more violent at Ombla, in the island of Guippassa, and in the 
neighbouring districts, particularly in Erzegovina. In the island of 
Curzola, the shocks took place on the 14th and 15th ; as well as at 
Zara, Obrovazzo, and Almissa. The shocks were sometimes preceded 
by a detonation, and the barometer sank very sensibly. In Camiola, at 
OiUi, some shocks of an earthquake were likewise felt on the morning 
of the 15th. On the 16th, at Ragusa, two other shocks were again felt 
during the night, when soon after a brilliant meteor was seen to the east. 

♦ From L'Institut., No. 517, p. 401. 
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^KM^^ accompanied by the same phenomenon, were renewed erery day 
up to the 2dd. On the 18th and 20th they were felt nearly at all hours 
of the day. On the 24:th, at 10 minutes past 2 o'clock in the morning, a 
subterranean noise was heard^ and immediately afterwards the shock of 
an earthquake was felt so severely, that the inhabitants awoke in sudden 
fright, abandoned their houses in the greatest haste, and left the town. 
A strong wind from N.N.E. had risen immediately before the time when 
these shocks were felt ; the sky cleared, and some bands of deep blue 
were distinctly seen in the neighbourhood of the Milky Way. On the 
25th, about 3 o'clock in the morning, the ground again trembled for 
three seconds ; the inhabitants of Ragusa were in the greatest conster- 
nation. On the 26th, about 27 minutes past 3 in the morning, another 
shock, much more violent than that of the 24th, was felt. The stars 
sparkled in a sky of the purest azure ; but the scene changed in a few 
seconds. After a subterranean noise, many severe shocks succeeded each 
other at short intervals. At the same time a wind from the south-east 
enveloped the sky in clouds, the barometer sunk to 28.2, and the ther- 
mometer indicated 10* R. (54:°.50 F.). All the houses of the town were 
shaken to such a degree, that they ran the risk of being entirely destroyed 
on the recurrence of a shock, even though not very severe. These 
shocks were also felt in the islands of Curzola and Meleda.* 

Since the month of September, new shocks have taken place at Ra- 
gusa and its neighbourhood ; but we have not obtained suf&ciently exact 
information regarding them. 

In consequence of the frequent shocks of earthquake which have oc- 
curred at Khalki since l7th September, this unfortunate island has been 
completely ruined. The island of Scarpanto, situated at a short dis- 
tance from Khalki, has likewise been subject to many severe earthquakes. 
At Rhodes, on the 10th October, about an hour after midnight, a severe 
shock was likewise felt, and the undulation was prolonged beyond 30 
seconds. At Khalki, a stream of boiling and sulphureous water was 
thrown up on the declivity of a small hill, at the same time that the 
shocks took place. This stream still continues to flow. 

On the 3d October, a shock of an earthquake was felt, at 10 o'clock 
in the evening, in some parts of the department of Ille-et-VUaine. It 
lasted for two seconds. Another shock occurred on the 4th, and con- 
tinued for upwards of 40 seconds. 

The shock of an earthquake was felt at Chateaugiron on 5th ^October, 
about 45 minutes past 9 in the morning. This was taken by many people 
for a peal of thimder ; it did not last longer than 2 seconds. On the 

* We need hardly remind our geological readers, that in the summer of 1826 
a Commission was sent by the Austrian Grovemment to the island of Meleda, to 
investigate the repeated detonations which had caused much alarm to the inhabi- 
tants from March 1822 up to that period. The Commissioners were Messrs Riepl 
and Fartsch, and an interesting report was published by the latter at Vienna in 
1826, accompanied bj a beautiful map. — Edit. 
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following morning there was another shock, about 30 mintueB past 9 
o'clock : it was more severe^ and continued for more than 40 seconds. 
The noise, which might be compared to that of a heavily loaded w-apjgon, 
ran from the south to the north. The same shocks were felt on the 
roads of Rennes, Nantes, and Jeze, at some distance from Corps-^Nuds.^ 

ZOOLOGY. 

7. On the Structure and Development of a newly discovered Animalcule of 
the Human Skin, the Entozoon folliculorum. By Erasmus Wilson, £sq.^ 
Lecturer on Anatomy and Physiology at the Middlesex Hospital, — While en- 
gaged in researches on the minute anatomy of the skin^ and its subsi- 
diary organs^ and particularly on the microscopical composition of 
the sebaceous substance, the author learned that Dr Simon of Herlin 
had discovered an animalcule which inhabits the hair follicles of the 
human integument, and of which a description was published in a, me- 
moir contained in the first number of MuUer's Archiv. for 1842. Of this 
memoir the author gives a translation at full length. He then states that, 
after careful search, he at length succeeded in finding the parasitic ani- 
mals in question, and proceeded to investigate more fully and minutely 
than Dr Simon had done the details of their structure, and the circum- 
stances of their origin and development. They exist in the sebaceous 
follicles of almost every individual, but are found more especially in 
those persons who possess a torpid skin ; they increase in number during 
sickness, so as in general to be met with in great abundance after death. 
In living and healthy persons, from one to three or foar of these en- 
tozoa are contained in each follicle. They are more numerous in the 
follicles situated in the depression by the side of the nose ; but they are 
also found in those of the breast and abdomen, and on the back and loins. 
Their form changes in the progress of their growth. The perfect animal 
presents an elongated body, divisible into a head, thorax, and abdomen. 
From the front of the head proceed two moveable arms, apparently 
formed for prehension ; and to the under side of the thorax are attached 
four pairs of legs, terminated by claws. The author distinguishes two 
principal varieties of the adult animal ; the one remarkable for the great 
length of the abdomen and roundness of the caudal extremity ; while 
the other is characterized by greater compactness of form, a shorter ab- 
domen, and a more pointed tail. The first variety was found to measure 

in lengths from 1 -100th to the 45th, and the second, from the l-160th to 
the 109th part of an inch. 

8. Discovery of a Myeoderm which appears to constitute the disease known 
by the name of Plica Polonica. By Dr Gunsbourg of Breslau. — M. Guns- 
bourg's researches have been made on two different specimens, both ob- 
tained from women, and which differ only in the greater or less degree 
of resistance in the agglutinative mass. He found this mass formed, 

1st, Of a great number of epidermic cellules injuxta-position, of more 



♦ From L'lnstitut. No. 517, p, 404. 
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than ordinary size^ and each containing either a very voluminous nucleus^ 
or a multitude of very minute globules^ resembling those which exist in 
the cells of a degenerated inflammation ; 

2<f, Of hairs contained in their sheaths^ and which^ compared under the 
microscope with those of an individual in healthy had scarcely one-third 
of the normal diameter ; they were irregularly articulated and variously 
ramified ; their sheath was thick^ and raised in some places by the my- 
coderms^ which were trying to pierce it in order to get to the outside. 

3<f, Of some cells of £Ett which dissolved rapidly in ether ; 

^ih.y Of My coderms originating in the bulb of the hairs^ and still remain- 
ing attached to these hairs in the nearest part of the bulb. The cellules, 
variable in number, of which the trunk of this mjcoderm is composed, 
are at first very distinct^ and become less and less so^ in proportion as 
the growth proceeds. The trunks of many neighbouring mycoderms 
are often united in a retiform manner. 

Oval, umbilical spomles, are united to the trunk either by the umbi- 
licus itself^ or by a very short thread ; they are most commonly double. J[ 

Although these my coderms are wholly contained in the sheath, and 
covered with a thick layer of spomles, they usually pierce this sheath 
towards the base of the hairs. Some are also found> which are wholly 
on the outside of the sheath ; it is these, particularly, which are united 
to each other ; the net- work they form is pretty considerable. 

M. Gunsbpurg's note, which is merely the precursor of a more com- 
plete work, was accompanied with drawings which shew the mycoderm 
of the Tglica in its difierent states, along with specimens of the plicated 
mass. These latter afford the opportunity of repeating his observations. 
He also gives in his note a statistical view of the Plica in the duchy of 
Posen, dividing the cases according to sex^ age, races, and even religion.* 

CHEMISTBY AKD HINEBADOaT. 
9. ProfeMor Connell on the Tagua Nut or Vegetable Ivory A — At a 
meeting of the St Andrews Philosophical Society held on the 4th of 
December^ Professor Connell exhibited specimens of the Tagua Nut or 
Vegetable Ivory, both in the natural condition and carved into oma- 

- - ■ '- 

* Comptes Rendus, 1843, No. 6, p. 250. 

t There is an article now coming into general use, called vegetable ivory, cob- 
oerning which we have had so many inquiries, that we shall probably be grati- 
fying oar readers by a more particnlar account of it than we c&a give in the 
Aotioes to correspondents. The ivory-nut is the produce of a tree found on the 
banks of the River Magdalena, in that part of South America formerly called 
New Granada, but now constituting the Republic of Columbia. Humboldt and 
Bonpland found it at places called Barancas Yermejas and Ibague, at the foot 
of Mount Quindiu, and also on the Rio Opon and Cano di Chucuri. The Span- 
ish botanists Ruiz and Favon also met with it in the groves of Peru in the hotter 
pvtB of the Andes, and named it Fhy telephas macrocarpa ; the Prussian botanist 
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ments, and stated that he was enga^d in a chemieal examinalion of this 
curious substance, and expected to have an early opportunity of men- 
tioning the results he had obtained. In the meantinie, he said liiat he 
found it to contain, amongst other constituents^ a few per-cents of an 
azotised substance^ which^ so fiEff as he had hitherto examined it, had all 
the properties of yegetable casein. It also contained a very little albu- 
men* These seemed to be the principal azotised constituents. 

10. Qalvanic Silvering of Cast-Iron, — Professor Connell lately exhibited 
to the Society of St Andrews the process of galvanic silvering of cast- 
iron. The liquid employed for this purpose was that suggested by M. 
Tewreinoff of St Petersburgh, and consists of a strong solution of moist 
chloride of silver and cyanide of potassium in water. The galvanic 
power employed by Mr Connell was two pairs of Smee's plates^ the 



Wildenow changed the name, without sufficient reason, to Elephantusia macro- 
carpa ; but his bad example is not followed. The natives of Columbia call it 
Tagua, or Cabeza de Negro (Negro's head), in allusion, we presume, to the figure 
of the nut. Almost all we know about it is contained in the following memo- 
randum, published by the Spanish writers above mentioned : — ** The Indians 
cover their cottages with the leaves of this most beautiful palm. The fruit at 
first contains a clear insipid fluid, by which travellers allay their thirst ; after^ 
wards this same liquor becomes milky and sweet, and it changes it taste by de- 
grees as it acquires solidity, till at last it is almost as hard as ivory. The liquor 
contained in the young fruits becomes acid if they are cut from the tree and kept 
some time. From the kernels the Indians fashion the knobs of walking-sticks, 
the reels of spindles, and little toys, which are whiter than ivory, and as hard, 
if they are not put under water ; and if they are, they become white and hard 
again when dried. Bears devour the young fruit with avidity.'* The tree which 
furnishes these nuts is a palm, although Humboldt and Kunth have referred it, 
for some reason with which we are unacquainted, to the order of Screw Pines 
(PandanaGeae), an error which is preserved by all botanists up to the present day. 
Two species are known, the Fhytdepkcu maerocarpa, or large-fruited, and nUcro- 
cirpa, or small-fruited. The part of the kernel which is] thus similar to ivory 
is what is called the albumen ; that is to say, the nutritious substance which sur- 
rounds the embryo, and which is destined to feed it when it begins to g^ow. 
It is of the same nature, though not of the same consistence, as the flour of corn, 
the spicy substance of the nutmeg, and the meat a( the cocoa-nut, which in other 
palm-trees becomes very hard : that of the Date Palm is quite as hard, if not 
harder ; but it is not white enough or large enough to be worth using by the 
turner. The Dotun Palm, or Forking Palm, of Thebes, the fruits of which are 
called gingerbread-nuts at Alexandria, has a similar albumen, which is tamed 
into beads for rosaries ; and our correspondent Mr Murray informs us that he has 
a model of the Double Cocoa-nut, or Coco de Mer, beautifully carved from a 
portion of its own albumen, as hard as ivory, and susceptible of as fine a polish. 
He says he has also seen a figure, cut from the same specimen, forming the end 
of the shaft of a lady's parasol, not to be discriminated from one carved in ivory. — 
Gardeners* Chronicle. 
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polLsIied cast-iron being connected with the negatiTe pole and immersed in 
the filtered solution. One pair of the plates had bardlj sufficient inten- 
sify for the purpose. The coating of silyer speedilj begins to be depo- 
nied^ and is sufficiently thick in half an hour. It is then pofished by a 
smooth surface of iron and subsequent Motion with soft leather. There 
seems little reason to doubt that the process might be applied^ imder 
proper arrangements, to the coating and preserving of large objects of 
cast-iron, such as statues, &c., exposed to the weather ; and by occa* 
donal simple cleaning, such as is usually applied to plated objects, the 
nn&ce of the metal might be maintained with all the brilliancy of po- 
lished silver. Mr Connell has also found that a solution in water of the 
crystallised double cyanide of gold and potassium answers very well for 
ibe galvanic gilding of silver. This salt is easily prepared by precipi- 
taliDg a solution of gold in aqua regia by excess of ammonia ; and dis- 
solving the well- washed and still moist fulminating gold in a warm so- 
btion in water of a quantity of cyanide of potassium, equal in amount to 
tiie gold which had been deposited in the aqua regia. By concentrat- 
ing the solution, the double cyanide is obtained on cooling. ' With a mo- 
derately strong solution of this salt, and a power of two pairs of Smee's 
plates^ small silver objects, such as salt-spoons, were readily gilded after 
three-quarters of an hour's action. '.For larger objects, a more powerful 
battery would probably be required. In this way the trouble of previ- 
ously preparing the Cjranide of gold is avoided, which substance^ as is 
▼ell Imown^ has been used for electric ^ding> when dissolved in cyan- 
ide or procyanide of potassiimi. 

11. Extraction of Palladium in Brazil, — The extraction of palladium 
from the auriferous sand of Brazil consists in fusing it with silver, and^ 
consequently, forming a quaternary alloy of gold, palladium, silver, 
and copper, which is granulated by projecting it into water. 

By treating this alloy with nitric acid, the gold is separated from the 
other metals which are soluble in the acid ; the silver is precipitated by 
a solution of common salt in the state of insoluble chloride, which being 
separated, the copper and palladium are precipitated by plates of zinc. 
The pulverulent deposit of these metals is re-dissolved in nitric acid, and 
the solution precipitated by excess of ammonia, which re-dissolves the 
oxide of copper and of palladium. When the ammoniacal solution of 
these metab is saturated with hydrochloric acid^ a double chloride of 
palladium and ammonia is deposited in the state of a crystalline yellow 
powder, and this, when calcined in a crucible, is readily decomposed^ and 
leaves spongy paXiadxam^^^Philosophical Magazine, vol. xxiiL, No. 153, 
p. 398. 

12. Wd'hlerite, a New Mineral Specie$.~^TJnder this name, given in 
httioor of Professor Wdhler^ Scheerer of Christiania has described in 
^oggendorfirs Annals a subatanee found on some islands of the Lange- 



208 Scientific Intelligence — Chemistry and Mineralogy. 

sund-Fjord, in the neigbbourhood of Breyig^ in Norway. It was alsa 
met with by Scheeier on the island of Ldv5e^ quite close to the spot where 
the Thorite was discovered by Pastor Esmark some years ago. Like 
the latter, it occurs in zircon-syenite^ and, as it appears, more particu- 
larly in the variety in which the hornblende is replaced by black mica. 
Elaolite frequently accompanies this mineral, and, in the form of greenish 
grey, or reddish grains, is disseminated in the white or greyish white 
felspar which constitutes the principal mass of the syenite. Some of 
the specimens collected likewise contain embedded zircon and pyrochlore. 
The following are the mineralogical characters of Wohlerite : — It occurs 
embedded in syenite, sometimes in angular grains, sometimes^ though 
less frequently, in broad, prismatic or tabular crystals, of which, how- 
ever, no exact crystallographic description ean be given, as their bound- 
ing surfaces seem to be very imperfectly developed, and as it is very dif- 
ficult to separate them from the surrounding mass. Indications of 
cleavage in one direction are perceptible, but that only in some instances. 
The colour is yellow, of various shades, passing into brownish, viz. light 
yellow, wine yellow, honey yellow, brownish yellow. These tints are 
not pure, but are mixed with more or less grey. Colour of the powder, 
yellowish white. The degree of transparency varies very much as in 
the zircon. The crystalline faces exhibit a vitreous lustre, and the frac- 
ture surfaces a resinous lustre. Fracture more or less conchoidal, some- 
times passing into splintery and granular. Hardness between felspar 
and apatite. Sp. gr. 3.41. It is very difficult to determine quantitatively 
the exact chemical comtitution of the Wohlerite, and Scheerer gives the 
following analysis as only approximative. No. I. is the result of a com- 
plete analysis, and No. II. that of a correcting investigation: — 

I. II. 

Silica, 

Tantalic acid, 
Zirconia, . . . 15.17 / 63,97 . . . 63.25 




Oxide of iron. 

Protoxide of manganese, 1.55 

Lime, . . . 26.19 25.97 

Soda, . . . 7.78 . • . . , 8.39 

Magnesia, . . . 0.40 . . . . . 0.45 
Water, . . . 0.24 



98.54 
Possibly there may also be traces of potash and oxide of tin. 

13. Leonhardite, a new Mineral, — Professor Blum has given this name to a 
substance resembling Laumonite, and hitherto included under that spe- 
cies. In PoggendorfTs Annals we find the following description and 
analysis by the discoverer and M. W. Delff : — Two kinds of pseu- 
domorphoses have for some time been known to be exhibited by the 
Prehnite occurring in fissures in the somewhat decomposed diorite 



Scientific Intelligence — Miscellaneous. 209 

of the '* Sattelj" near NiederkircheD^ not far from Wolfstein, in Rhenisb 
Bavaria. These have lately been described by .G. Leonfaard. One 
of them is easily explained^ viz. when the prehnite assumes the tra- 
pezoidal form previously belonging to Analcime^ au appearance already 
observed and described by Haidinger. The origin of the other, however> 
has ^ven rise to various opinions^ and its form has been partly attribut- 
ed to datolite, and partly to stilbite, mesotype^ or laumonite. Professor 
Blum had regarded this variety of prehnite as derived from laumonite, 
especially as the angles presented great similarity ; and it was only some 
months ago, v^hen being engaged in a work on pseudomorphoses, he ex- 
amined the crystals in question with greater attention, that he found the 
similarity existed only with respect to the size of the angles, but not to 
their position, which is just reversed, in so far as the lateral angles are 
concerned. As, then, it was thus evident that it could not have been 
laumonite which had undergone the conversion into prehnite, what 
substance was it ? The Mineral-comptoir at Heidelberg, lately re- 
ceived a quantity of laumonite &om the neighbourhood of Schemnitz, 
and it immediately struck Professor Blum that the crystals were the 
same as the pseudomorphic ones, a supposition which was confirmed by 
measurement. He thus found that this so-termed laumonite was to be 
regarded as a new mineral ; and the analysis made by Dr Delff shewed 
that its composition was different from that of the true laumonite. 
There is, however, a remarkable resemblance between the two sub- 
stances, both in external appearance, and in niany of their properties. 
The great tendency to decomposition exhibited by laumonite, exists also 
in this new species, which Professor Blum and Dr Delff propose to term 
Leonhardite. The crystallographic form is klinorhombic. Primitive form : 
an oblique rhombic prism, M : M' = 96*» 30' and 83° 30' ; P : M = 114° 
and 64^. This is the only form observed. The prismatic crystals are 
frequently aggregated together, so that a large individual is composed of 
several smaller ones, which are sometimes of equal length, but on other 
occasions vary in this respect. The lateral planes are streaked in a di- 
rection parallel to the principal axis ; two of them are often larger than 
the others. Sometimes crystalline-columnar and granular masses occur. 
Cleavage very perfect parallel to the lateral planes, imperfect in the di- 
rection of P. Fracture uneven. Hardness = 3 — 3.5 (in fresh pieces). 
Brittle, easily frangible. Sp. gr. = 2,25. Translucent on the edges. 
Lustre pearly, especially on the perfect cleavage -surfaces ; on the frac- 
tured surface vitreous. Colour white, passing into yellow, and more 
rarely into brownish. Frequently coated with a brownish or black 
powder. Streak white. The Leonhardite occurs near Schemnitz, in 
Hungary, in the fissures and drusy cavities of a trachytic rock ; some- 
times in considerable quantity. It is also found imbedded, and then 
imparts a porphyritic structure to the trachyte. The pseudomorphic 
prehnite above mentioned, undoubtedly owes its form to this mineral. 
Analyses of the leonhardite have been performed by Dr Delff and Von 
Babo, and the following are the results. 
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Dblff. V. Babp. 

Silica, 56.128 SiUca, . 55.00 

Alumina, . SS.080 Alamina, 24.36 

Lime, 9.251 Lime, . 10.50 

Water and bMe, 11.641 Water, . 12.30 



100 102.16 

Although these two analyses do not correspond exactly with each 
other, yet they both lead to the conclusion that the chemical constitu- 
tion of the Leonhardite and Laumonite is distinct, inasmuch as the Lau- 
monite contains much more water and much less silica than the Leon* 
hardite. As the analyses of Laumonite by Yogel, Gmelin, Dufrenoy, and 
Connelly* differ a little from one another, Dr Delff and Ton Babo have 
also repeated the analysis of that mineral, and the following are the 

results. 

y. Babo. Deutf. 

SiUca, . 52.3 51.17 

Alnmixia, 22.3 21.23 

Lime, . 12.0 12.43 

Water, . 14.2 and loss 15.17 



100.8 100 
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14. Strawberries, 1597 ~ Extract from the Accounts of the Lords High 
Treasurers of Scotland. 

JunH, 1597. — ^Item in drink sylver to ane man that brocht stray berreis 
to His Majestic fra Alloway. W. C. T. v. li. 

15. Tew and laburnum imparted to England/or the manu/ojclure of bows in the 
16t/« century, '^^^ Gonspicite etiam nunc Anglos apud Rhetos negociantes, 
et in eorum montibus, Taxi et Labumi^ arbores csdentesj quas certa Ion- 
gitudine iu assulas findentes in suorum arcuum usum, in fasciculoa deinde 
colligunt^ atque lacu Valstatensi cymbis ad Rhenum usque deyehunt, et 
deinde secimdo Rheno descendentes in Angliam usque deportant, ubi 
arcus denum conficiunt." — Petrus Bellonius, ^^ De neglecta stirpium, 
cultura>" &c., Antyerpi»i 1589, p. 57. W. C. T. 

16. Capture of Whales in Faroe, — The capture of the small Caaing-wbale 
(Delphinus melas), the Grind of the natives of the Faroe Islands^ b one of 
the most important events which occurs in the course of the year in that 
country^ as, besides the value of the oil, which averages about L.2 sterling 
for each fish^ the flesh and the blubber are one of the principal articles of 
food^ the first being dried and the latter salted, Ibsming a wholesome and 
nourishing diet, though perhaps not very palatable to our more fastidious 

^» » ■ ifc.^i ■« I 11 M « I ■■ — »■» ■■ — ■ ■ ■ ■ ■ ^1 ■■ ■ ■■■■■■ ^■ M l. ■ I ■■■■■■ fc ■ I ■■ I I I ■■■■, „ ■>■. 

* See Professor Connell's paper in this Journal, vol, vi. p. 262. 
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tastes. The usual mode of capturing these animals has hitherto been 
(as described in the Edinburgh Cabinet Library on Iceland, Greenland, 
and ^e Faroe Islands, and in other publications) by a number of boats 
collecting to seaward of the drove^ and driving them into the most acces- 
nble sandy h&y, where^ if the fish ground in shallow water, they are speedily 
dispatched. In this way many hundreds are often slain ; but they are 
sometimes chased for a considerable distance before being taken ; thus 288 
were captured on the 21st of June 1843, the chase of which commenced 
on &e 18th^ and extended round the islands a distance of about forty miles. 

This year a new method of taking them has for the first time been 
tried, and with success. A net about 200 fathoms long^ 14 deep, and 
the meshes 1 foot square, has been purchased at the cost of about 
L.140. The first time it was used 236 were taken, and subsequently, up 
to the 26th August, about 400 more, — so that the prime cost of the first 
net win soon be recovered, one-eighth of the capture being set apart for 
that purpose, and probably more nets will be purchased. 

The same means might be profitably employed in taking these animals 
on our northern coasts, where they often occur in great numbers. The 
bones and fleshy if not used as food, might with advantage be employed 
as manure. W, C. Tbbveltan, Esq. 
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1. The Invisible Universe disclosed ; or the real Plan and Government 
of the Universe. By Henry Coleman Johnstone, Esq. London^ Effing- 
ham Wilson. 12mo. 1843. 

2. Obserrations on Days, of Unusual Magnetic Disturbance ; made at 
die British Colonial Magnetic Observatories, under the Departments of 
the Ordnance and Admiralty. Printed by the British Goyemment^ un- 
der the Superintendence of Lieut. -Colonel Edward Sabine, of the Royal 
Artillery. Part 1. 1840-41. London. Published for Her Majesty's 
Stationery Office, by Longman & Co. 1843. 2to. For this very im- 
partant volwnA we are in tome measure indebted to Baron Humboldt and the 
late Duke of Susiex, Lieut^Golonel Sabine, with his usual ability and aecu- 
raey^ has edited the work, and presented it to the scientific world in a form 
Vfortky of the British Government* 

3* Rapport sur un Memoire de M. F. de Castelnau^ relatif au System 
ISlurien de L'Amerique Septentrionale. From the rapporteurs^ Elie de 
Beaumont, Brongniart, Milne Edwards, and Dufirenoy. 4to. 1843. 

4« Bapport sur un Memoire de M. Alcide D'Orbigny^ intitule Con- 
stderaftions Generates sur la Geologie de L'Amerique Meridionale. 2to. 
From M. Elie de Beaumont. 

5, Observations on the Practicability and Utility of opening a Com- 
munication between the Red Sea and the Mediterranean, by a Ship Ca- 
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nal^ through the Isthmus of Suez ; with an Outline Map of the Istbmitt 
and Lower Egypt^ shewing the Tract of the Ancient as well as of the 
proposed Canal. By A. Anderson. 870. pp. i8. Smithy Elder^ & Oo«, 
London. 1843. TkU pamphlet^ on an important iubfeet, wot sent to ms by 
our/rUnd Mr Wilton PiUans, but too late /or particular notice in thit Nwnber. 

6. Inquiry into the Means of establishing a Ship Navigation betw^een 
the Mediterranean and Red Seas. By James Yetch^ Oapt. R.E.4 F.ILS. 
Illustrated by a Map. London^ P. Richardson^ Comhill. 1813. &yo. 
pp. 32. From the Author. Of this memoir , by an accomplished engineer, 
an account appears at page 136 of the present witmber of our Journal. 

7* Popular Conchology, or the Shell Cabinet arranged ; being an Intro- 
duction to the Modem System of Conchology. By Agnes Catlow. 12ino, 
pp. 300> with numerous woodcuts. Longman, London, 1843. 

This little volume will prove a valuable aid, not only to the youthful con^ 
ehohgist, but even to those who have long studied this beautiful branch of 
NaXural History, Since the lAnnean dassijication has been to a certain exterU 
superseded by that of Lama/rehj such a work has been greenly wanted; and we 
r^oice to see it now so well executed. Most possessors of shells are ambitiaus 
to derive from them further interest than arises out of the mere contemplation 
of their beautiful forms and amours, and anxiously enquire for some booi, as a 
guide to their classification. By the aid of Miss Catlow' s Work, even beginners 
may arrange their shell cabinets, in strict conformity with the most advanced 
state of the science^ so far as respects the genera ; aud when the genera are 
correctly discriminated and classed, the main dijfficulty of the study is overcome. 
The system of Lamarck has been closely followed, with a few alterations, which 
subsequent more accurate knowledge of the habits and physiology of the moUus^ 
eous animals has rendered essential. The introductory chapter, which is written 
with clearness and elegance, embodies useful information respecting the inhabit 
tants and the mode of formation and growth of shells. The woodcuts are 
numerous and accurate. The style of the work is perspicuous and simple ; and 
there is throughout a gracefulness and refinement of thought and expression, 
that seems singularly appropriate to the description of these beautiful creations 
of nature, 

8. Contributions to the Geology of the United States. By William 
Barton Rogers, Professor of Natural Philosophy in the University of 
Virginia, and Henry Davison Rogers, Professor of Geology in the Uni- 
versity of Pennsylvania. Philadelphia. 1843. From the Authors. These 
interesting and valuable contributions, now so well knoum to British geologists, 
ought to be reprinted for the use of geological enquirers in this country, 

9. Popular Cyclopeedia of Natural Science and Animal Physiology. 
By W. B. Carpenter, M.D., &c. &c. Parts 1 and 2, pp. 79. Dr Car- 
penter, in this Treatise on Animal Physiology, which we recommend to the cul- 
tivators of this important branch of zoology, displays his usual acuteness and 
skill in popular and accurate scientific writing and reasoning, 

10. The Tenth Annual Report of the Royal Cornwall Polytechnic So- 
ciety for 1842. Parts 1 and 2. 
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U. fiiagnetical Investigations. By the Reyerend William Scoresbyi 
F.R.3. L. & £., and Corresponding Itonber of the Institute of France* 
Part II. London ; Longmans, 1843« We expect an article on the$e ex" 
pmments/w a future occasion, 

12. Esperimental Researches ; Chemical and Agricultural — shewing 
Cftibon to be a compound body> made by Plants, and decomposed by 
Patre&ction. By Robert Rigg, F.R.S. 12mo, pp. 264. Smith, Elder, 
and Co. London. 1843. Thit interetting work, received when going to prest, 
wiil be noticed afterwards. 

13. Zoology of the Voyage of H.M.S. Beagle, No. II. of Part V. 
1843. London, Smith, Elder, and Co. This number contains the eondu- 
lion of Mr Belt's account of the Reptiles collected during the voyage of the 
Beagle. 

14. A Sermon preached in Ripon CathedraL By the Rev. Henry 
Parr Hamilton, A.M., F.R.S., Late Fellow of Trinity College, Cambridge. 
Ripon. 1843. From the Author. We recommend this discourse to those who 
KMy wish to obtain sound views in regard to the bearings of seienoe-^-partieularly 
giologicaJ science — on religion. 

15. The American Journal of Science and the Arts. Conducted by 
Professor SilUman and Benjamin Silliman jun< — ^up to vol. Ixv., No. 5. 
October 1843. 

16. Maps and Illustrations of the Physical Geography of the Qlobe. 
By Dr H. Berghaus, Professor of Geography, Berlin, and an Ethnogra- 
phic Map of Europe, by Dr Gustaf Kombst. Folio. Edinburgh, J. 
and W. & A. K. Johnstons. 1843. From the Editors. These beautiful, 
accurate, and admirably engraved Maps and Illustrations, are deserving of every 
praise cuid public encouragement. 

17. Annalen der Physik und Chemie herausgegeben zu Berlin Von 
J. C. Poggendorff. Received up to No. 7, 1843. 

18. Bibliotheque Universelle de Geneve^ up to No^ 93. September 
1843. 

19. Report on the Geology of Connecticut, in No)*th America. By 
James G. Perceval. 8vo, pp. 495. This workf which we consider of great 
importance in a geognostical point of view, has just reached us from the author, 

20. Journal of the Asiatic Society of Bengal. Edited by the Secre- 
tary. The number last received was No. 131 for the year 1842. 

21. The Journal of Agriculture, and the Transactions of the Highland 
and Agricultural Society of Scotland. No. 2. Netv Series for October 
1843. Edinburgh. Blackwoods. 

22. General results of Microscopic Inquiries into the minute structure 
of the Skeletons of MoUusca, Crustacea, aud Echinodermata. By Wil- 
liam B. Carpenter, M.D. With two Plates. 1843. From the Author. 

23. Essay on the Physiognomy of Serpents. By H. Schlegel, Doctor 
in Philosophy, &c. Translated by T. S. Traill, M.D., F.R.S.B., Regius 
Professor of Medical Jurisprudence in the University of Edihburgh,' &c. 
12mo. pp. 254. With Plates, and a Map shewing the Geographical Dis- 
tribution of Poisonous Serpents. Edinburgh, Maclachlan and Stewart, 
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164d. Fxom the Author. M. SMegel has been long known ae one of ths 
most oclJM and learmd ophiologiste in Europe, and his work, to far as H 
ffoest is hM to be ekusioal. The creatures of the Serpent trUfes, qften m 
formidabie to man, and even to the lower animals, and remarkable for 
the eisiganoe qf their sealf coverings, ths beaut$f ef their colours, and thesr 
man§ ourious and impertant natural relations, cannot but interest the 
, admirer qf nature. Hence Ophielogy has, from an early period, engaged 
ths attention of many dietinguithed naturalists, and at the present dag every 
sdent^ traveller and accomplished physician regard with interest the 
varied tribes of this great family of the animal kingdom, particularlg in 
thoee countries where attention is arrested by the frightful energy qf their 
wM powers, their beauty, and colossal magnitude. We may add, that no 
better guide can be put into the hands of the student of Ophiology or the tra- 
veller than this translation of SdilegePs work by Dr Traill. 

24. Illustrations of the Zoology of South Africa. By Andrew Smith, 
M.D. The 17th and IQth numbers of this important work have been received. 



List of Patents granted far ScoAmd,from 20th September 

to 20th December 1843. 

1. To JoHir MaoIkitiss of Liverpool, in the county of Lancaster, 
manu&ctimng chemist, *'. certain improvements in funnels for conduct- 
ing liquids into vessels." — ^2d Octoher 1843. 

2. To GoLDSWORTHY GtrRKBY of Great George Street, in the county 
of Middlesex, gentleman, " certain improvements in apparatus for pro- 
ducing, regulating, and dispersing light and heat." — 4th October 1843. 

3. To Alfred Vincent Newton, of the OflSce for Patents, 66 Chan- 
cery Lane, in the county of Middlesex, mechanical draftsman, being a 
communication from abroad, '^ certain improvements in the manufacture 
of cyanogen and its compounds, particularly the prussiates of potash 
and soda."— 13th October 1843. 

' 4. To James Combe of Leeds, in the county of York, engineer, *' im- 
provements in heckling, cleaning, preparing, and carding flax and other 
fibrous substances." — 16th October 1843. 

5. To John Ainslie, &rmer, Redheugh, near Dalkeith, North Bri- 
tain, *^ a new or improved mode of drying tiles, bricks, retorts and. such 
like work made from clay and other plastic substances." — ^23d October 
1843. 

6. To Thokas Yqun& of Queen Street, in the city of London, mer> 
chant, " improvements in obtaining power." — 25th October 1843. 

7. T0.M0SE8 PoOLB of Lincoln's Inn, in the county of Middlesex, 
gentleman, being a communication from abroad, ^' improvements in the 
Bianii&cture of ornamental lace or nett.'' — ^25th October 1843. 
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S. To AtiEXAKDER Angus Cboll, superintendent of the Qas-Works^ 

k Lane> in the county of Middlesex, and William Riohabds of 

same works^ mechanical inspector, '' improvements in the manufius^ 

of gas for the puzi>ose of illttmination, and in apparatus used when 

itting and measuring gas or other fluids." — ^27th October 184d. 

9. To J^AMBS Napier of Hoxton, in the county of Middlesex, dyeri 
ImprovementB in preparing or treating &brics made of fibrous material 

fe covering roah, and the bottoms of ships and vessels^ and other sur- 
ibces, and for other purposes." — 30th October 1843. 

10. To Abthvb Dukn of Rotherhithe, in the county of Surrey, soap- 
boiler, '* improvements in treating, purifying, and bleaching oils and 
&tty matters^ and in making soap." — 1st November 1843. 

11. To RoBXBi Batkbfobd Jaoksok of Blackburn, in the county 
«f Lancaster, cotton-spinner, " certain improvements in the nuushinery 
or appamtuB to be used in the preparation of cotton and other fibrous 
lubstances for spinning." — ^7th November 1843. 

12. To James Johvstok of Willow Park, Greenock, Esquire, " im- 
provements in the construction of steam-boilers." — ^14th November 1843 

13. To William Bbogkedok of Devonshire Street, Queen Square, 
in the county of Middlesex, gentleman, *' improvements in the manu- 
fiwture of wadding for fire-arms." — 14th November 1843. 

14. To Sabau Beadon of Hope Comer, Taunton, in the county of 
Somerset, " improvements in apparatus for regulating the inclination of 
vessels, for the purpose of drawing off liquids contained therein, in the 
construction of casks and such like vessels, and in the means of drawing 
off liquids, parts of which improvements are applicable for regulating the 
inclination of looking-glasses and other articles." — 16th November 1843. 

15. To Matthew Leach of Manchester, in the county of Lancaster, 
mechanic, '^certain improvements in rotary steam-engines, which im-* 
piOTements are applicable to pumps for lifting and forcing water." 
-23d November 1843. 

16. To Chablss Tbtley of Bradford, in the county of York, stuff- 
merchant, '* improvements in the construction of boilers, part of which 
improvements is applicable for regulating the supply of water and other 
liquids."— 23d November 1843. 

17. To William Prossbr junior, of Shaflsbury Terrace, Pimlico, 
gentleman, " improvements in the construction of roads, and in carriages 
to run thereon."— 23d November 1843. 

18. To Chablbs Brown of Woolwich, in the county of Kent, sur- 
geon-dentist, "improvements in the manufacture of dip candles."— 23d 
November 1843. 

19. To John Kibble of Glasgow, gentleman, '^ improvements in ap- 
Pwatus for propelling vessels." — ^24th November 1843. 

20. To Charles Brook of Meltham Mills, in the county of York, 
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cotton-spinner, " certun improvements in machinery for spinning an 
twisting cotton and other fibrous substances." — ^24th November 1843. 

21. To John Withsbs of Smethwick, in the county of Stafi*ord> 
manu&cturing manager^ *' an improvement or improvements in the 
manu&cture of glass." — ^24tfa November 1843. 

22. To HxNBT Austin of No. 87 Hatton Garden^ in the county iof 
Middlesex, civil-engineer^ ** improvements in wood-pavements, floorings, 
and veneers." — ^27th November 1843. 

23. To William Bush of Union Street, Deptfbrd^ in the county of 
Kenty engineer, ** improvements in rendering magnelic needles less pre- 
judicially influenced by local attraction." — 28th November 1843. 

24. To Hbnby Richardson FAnshawe the younger, late of Four- 
ville le Pont, in the kingdom of France, but now of Wilds-rents, Ber- 
mondsey, in the county of Surrey, chemist, *' improvements in curing 
hides and skins, and in tanning, washing, and cleaning hides, skins, and 
other matters." — ^28th November 1843. 

. 26. To Abthub Wall of Bisteme Place, Poplar, in the county of 
Middlesex, surgeon, '* certain improvements in the manufacture of iron." 
—28th November 1843. 

26. To John Geoboe Bodmeb of Manchester, in the county of Lan- 
caster, engineer, ^* certain improvements in grates, furnaces, and boilers, 
and also in the manufacturing of iron or other metals." — 29th Novem- 
ber 1843. 

27. To Thomas Dbayton of Brighton, in the county of Sussex, gen* 
tleman, ** improvements in coating glass with silver for looking-glasses 
and other uses."— 4th December 1843. 

28. To Fbancis Higginson of the town of Rochester, in the county 
of Kent, lieutenant in Her Majesty's Royal Navy, " certain improve- 
ments in fiistenings for parts of ships and other vessels, which improve- 
ments are also applicable to other building purposes."^— 14th December 
1843. 

29. Jo John Hick of Bolton-le-Moors, in the county of Lancaster, 
engineer, ** certain improvements in steam-engines, and in apparatus ix) 
be connected therewith for driving machinery, part of which improve- 
ments are applicable to forcing, lifting, and measuring water/' — ^15th 
December 1843. 

30. To Lawbenob Habdman of Liverpool, in the county of Jjancas- 
ter, merchant, *' certain improvements in machinery, or apparatus to be 
employed in the manufiMsture of sugar." — 18th December 1843. 
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Fifih Letter In^ Professor Forbes on Glaciers. Addressed to 
the Right Honourable Earl Cathcart. Communicated by 
the Author. o't'. 

ROMX, SOM Januaiy 1844. 

My Lord, — ^In reply to your kind letter of the 14th De^ 
cember last, requesting me to communicate to the Boyal So- 
ciety any observations upon glaciers which I was enabled to 
inake during last summer, I may mention, that the state of my 
health was so indifferent during the finer months of the year, 
and the caution which it required so great, that I was quite 
unable to prosecute as I had hoped the subject of my previous 
inquiries in Switzerland. As, however, the journey was not 
quite unproductive, I will very shortly state the additional 
&cts which I was enabled to observe, claiming from you and 
from the Society the indulgence which their scantiness requires. 

At Ghamouni, the most obvious consideration was to deter- 
mine the actual annual motion of the ice, the partial motions 
of which during the summer months had been carefully ascer- 
tained by me, as stated in my former communications. For 
this purpose, I had two marks of a permanently distinguishable 
^d, namely, blocks of stone lying on the surface of the ice ; 
the one, formerly marked D. 7, and referred to in my Travels 
by that name, situated a little lower than the position of the 
Montanvert ; the other, marked C, or '* Pierre platte," on the 
G^lacier de Lechaud, near its junction with the Glacier du 
Gisait. It was the former of these masses which had been 
approximately observed in position by my guide, Auguste 
Bahnat, during the winter of 1842-3, with great labour and 
fidelity— obrervations which first conclusively proved the fact 
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which I had previously suspected, although opposed to the 
ceived opinions, — ^that the glacier moves with considerable ve- 
locity even in winter. By going to the spot with Balmat* and 
verifying the marks Which he had from time to time made, I 
ascertained that his measurements,, if not absolutely correct, 
did not admit of being materially improved, owing to the gr^at 
size BioA repeated turning over of the Hock in question. His 
measurements between October 1842 and June 1843, have 
been published in the volume already cited. I had the morti- 
fication, however, to find, on the 11th September 1843, when I 
Visited the block, that though still upon the ice, it had got shored 
AO near the moraine of the glacier near an angle of its course, 
as to be well nigh stranded ; and that, in fact, since Balmlirt^s 
last mark in June, its motion had been scarcely perceptible. 
It farther appeared, that the part of the glacner with whioh it 
had recently been moving, was so crevassed and steep, that 
the vast block must have rolled and tossed about, or ev^^a 
teeh precipitated occasionally forwards by the failure of the 
■ice ben^afch it on the steep, in a way which amply accounts for 
any want of regularity in its winter progress, as indicated by 
Balmat's measurements. It therefore became the more inte- 
resting and important to determine with oare, the motion of a 
point of the glacier removed from the accidental local inftn- 
€iiice of the sides and irregnlarHies of the surface, in order to 
compare the mean a/nwaal motion with the eummer motion of 
ihe ice. The " Pierre platte" was, in every way, an unexoep- 
fionatle landmark ; and 1 resolved to cross the Mer de GSaree 
ibr the purpose of accomplishing it— an exaction whidi i 
tbould hardly have ventured for a less interesting result. In 
the course of this walk, which was fraught with int^est to 
'me, tH^ enabling tne to compare the existing condition of a 
glacier ^th the appearances which had been so familiar to me 
just twelve months before, I found the state of the ice just 
such as might be expected after a Tery severe and snowy 
^nter, and a very cold and late summer. The glacier oppo- 
dte the *' angle" (station A), had now a much higher letdihopn 
it had at the same time in 1842 ; evidently, therefore, it had, 
durilig the winter, regained its usual volume ; and then, dur- 
ing the ensuirfg summer, it had wasted less thati it had ddtte 
during the summer before. The glacier also bore other 
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' testimony to the same circumstanoes ; Itor the oreyasisiefl wave 
flup aharper and better defined, and the whole appearanee t>f 
jk% ic^ less collapsed, than at the same season in 1842. The 
fOffkee also at the " angle^' was extensively covered wilii tile 
usmelted snow of the winter, which, as-I have often observed, 
MNE admits £br a moment of being confounded with the mat' 
ier of the glacien The general direetion and appearanoe «f 
tiie crevasses, and .of the position of the ^^ Maulios»'^ was the 
caiae as in 184:2 ; as if the glacier had remained at rest, thosgh 
it bad raaSy moved some hundred £eet forwards. The mo- 
niaes w^§ ]^iljtered in appearance, only perhaps less promi- 
fleot (at least, this waa^the remark of the gaides), which would 
natorally arise from the less superficial waste of the ice. 

There was no diflSculty in recognising the *' Pierre platte," 
nAich, indeed, bad recently slid ofi^ an ioe pedestal SMni}ar to 
ftatofthe preceding year (as figured in the frontispiece to 
ttiy volume of Travels), but far less stupendous. As all the 
marks in the rock which I had at different places out with a 
jiiek, and painted ned, were as visible and f^resh as on the day 
tiiey were fixed, there was no difficulty in recovering, to a 
i^ty, 4lie exact position of the block on any day on which 4t 
^nM obs^^ed in 1842, and comparing it with its new position. 
Aioeordingly, r^emng to the stioting point on the 27th Ju4e 
1842, I found tibat it had moved, down to the 12th Sef)- 
imAer 1843, or in 442 days, 320 feet, that is 8. 7 inches 
isSj. I hove not now my own work to refer to ; but I ^be- 
^ie?e it wfll be there found, that the motion of the *' Pienre 
fbtte" dtcring the hottest summer months, was only between 
6 and 10 inches at a mean. It is plain, theref(H*e, that during 
the remainder of the year (throughout the greater part, or 
Beariy i&e whole of which this pMi) of the glacier is eovered 
-with snow), tiie motion, though somewhat diminished, was 
Tery &r indeed from ceasing, — thus entirely confirming the ob- 
servations of Balmat, near the lower end of the glacier. 

Finding that my strength and the time permitted, I pur- 
sued my excursion up to the level of the Jardin, opposite the 
glacier of Talefre, near the Aiguille du Moine. I had a lively 
'Satisfaction in oomparing my engraved map with the natural 
features of the country, and 'finding it a tolerably faithftd Re- 
presentation ; and I checked every where, with minute care. 
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the cUfiniticMi I luui given of the direction of the ribjboned stmo' 
tore of the ioe at different parts of the glacier. The obsenraiioos 
formerly made I fomid to be rigoroasly exact ; and especially 
these two facts, which at once put an end to any idea of the 
ribboned stractnre being a prolongation or defermatian of the 
strata of the 'HM ; viz. (1.) the structure assumed by the ice 
of the Talifre is extirpated entirely by its precipitous deseeat 
to the level of the Glacier de Lichaud,. where it reappears, 
or rather is reconstructed out of the bruised fragmenta, ac- 
cording to a wholly different scheme ; (2.) the veined struc- 
ture often cuts the medial moraines ; i. e.^ a glacier com- 
posed of two, having originally distinct looped structures, as- 
sumes finally, after being for some time united, a single looped 
structura 

Fr(»n the heights above the Egralets, which command a 
most extensive bird's-eye view of nearly the whole Mer de 
Glace, about 2000 feet below, I was led to make a very in- 
teresting observation,— on the whole, the newest of the sea- 
son. I need not remind your Lordship, that I first observed, 
in 1842, the existence of certain wave-like marks on the sur- 
face of the Mer de Glace, figured in my map of that year, 
and represented in the models submitted to the Royal Society 
last winter. These waves, or ^^ dirt bands,'' as I termed 
them, were parallel in their course to the veined or ribboned 
structure of the ice, and recurred at pretty regular intervals 
upon the surface of the glacier, — ^the loops pointing m the 
direction of its motion, — at an average distance, as I think, 
of between 600 and 700 feet. [The exact value is stated in my 
book.] I was prevented, by a premature fall of snow, from 
tracing these bands (which I also termed " annual rings^'), 
higher up the glacier than the point called Trelaporte. 
Standing, on the 12th September last, above the precipices 
of the Gouvercle, at the foot of the Aiguille du Moine, as 
above mentioned, I not only saw with admirable distinctness 
the ** dirt bands" between Montanvert and Trelaporte deli- 
neated, as it were, upon a plan ; but I was enabled to count 
six new ones higher up in the direction of the Glacier du 
G^ant. Then followed a space corresponding to three inter- 
vals of dirt bands, which were, however, not perceptible. 
Higher up, on the Glacier du Gdant, was a most striking and 
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latifiil appearance, quite new to me. The heavy snow of 
me previous winter had not been entirely melted during the 
Vhole summer, and still lay in all the hollows where it could 

somulate. A series of snowy bands having this origin ap- 
at regular intervals upon the upper part of the Gla- 
cier du G^ant, corresponding in distance and form to the ar- 
rangement of the ^* dirt bands " in the lower part of the 
glacier, as I have endeavoured to represent below : — ^thus as- 

Fig. 1. 
Boeis, 




Bockt, « 

certaining a most curious and unsuspected fact) namely, the 
existence of a series of curvilinear hollows on the nearly plane 
nirface of the ice, which the eye would probably have in vain 
striven to detect, but for the palpable evidence of the accu- 
mulations of snow lodged in the intervals of these vast 
waves. In Fig. 1. the ground-plan of a part of the Glacier du 
Giant is shown, where it is divided longitudinally by the 
Medial Moraine descending from the Aiguille Noire. The 
left hand portion of the icy stream descending from the 
ridge, called *' les Periades," bears that name. The masses of 
dots indicate the position of the snow wreaths which mark 
the indentations of the ice ; these appeared to be confined to 
the ice of the proper Glacier du G^ant ; the lines indicate the 
direction of the most distinct veined structure in the ice, which 
are visible in a mass from a distance, as the finely veined 
stmcture of Cipollino marble is, even wbeu the laminae com* 
pofling it cannot be individually seen^ The conclusion from this 
IB, that the surface of a glacier is not an inclined plane, nor 
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an inolined convex eurfaeei but that it is indented by farrows 
or wrinUes, which would give a section like figure 2., in a 

Fig. 2. 




direction parallel to the length of the glacier A B, fig. 1, the 
dots here indicating the snow wreaths ios before, and the 
broken lines approximating to the direction of the fWrntal dip 
of the veined structure in this part of the glaciei-. These 
periodical undulations (to use a technical scientific term) are, 
beyond question, very important in the theory of glaciers 
generally, and of the dirt bands in pai^icular. Their existence 
will, probably, be thought to yield some confirmation of the 
theory of semifluid motion of the ice, even although their pre- 
cise origin be still obscure. A homely comparison, but a 
striking one, may be found in the wrinkles of the horns of many 
animals ; and, though it may appear fanciful, there is perhaps 
more than a vague analogy between the fects. 1 hope, at 
some future time, to offer a better elucidati<m. 
. After some stay at Chamouni, I proceeded, by easy journeys, 
to Grindelwald, whose beautiful and easily accessible glaciers 
I had not visited for many years. I there found an exact 
confirmation of the views which I have published respecting 
the origin and structure of glaciers. I found the forms, simple 
and compound, of the ribboned structure^ to be such as I have 
described, including the gradual rise of what I have called 
the " frontal dip," from a very low angle near the lower end of 
the glacier, up to 75° towards its origin, especially on the 
Glacier of the Strahleck, above the Zasenberg, where it forms 
the Mer de Glace of Grindelwald. The other principal affluent 
of that icy sea, viz. the glacier descending from the Viescher 
homer, exhibits the same wrinkles exactly as those which I 
have just described upon the Glacier du Greant, perhaps evenbet- 
ter marked. As the lower glacier of Grindelwald fomidied an 
excellent example of all the modifications which I have else- 
Y^bere shown to belong to the canal-shaped ^Itzcier, with 
][)rapches ; so the upper, glacier is an exact representative, in its 
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lower part, of the opal plaoier^ for which I have tf^en Hbjkt ^ 
the Rhcme as a type ; whilst many of the tributary glaciers of 
Grindelwald and the Jongfrau bear ample testimony to thp 
general fact, that the structiire of glaciers is developed during 
their progression, and after their primitiye stratifieation has 
been annihilated, by their being prcyected in avalancl^es py<^* 
appalling precipices. 

To these brief notes, I have only to add one interesting dis- 
covery, though of a somewhat local importance, which I made 
at Chamouni. The ancient lateral moraine of the Glacier des 
Bois is acknowledged by De Saussure, and all subsequent 
writers, to be found in the barrier of debris which crosses the 
yalley of Ghamouni, at Les Tines ; but very feeble traces have 
(I believe) been observed of the corresponding lateral moraine 
of the left bank of the glacier, excepting those between the 
Chfilet of Montanvert, and the descent of La Filia. I have 
ascertained, however, that a good part of the ascent to the 
Montanvert, and especially near the chfilets of Planaz, passes 
over a vast accumulation of debris, whose nature correq>onds 
to that at the granites of the central chain, and which lies to 
an immense thickness against the rocky slopes of the valley, 
at the foot of the Aiguille de Blaitiere« The resistance offered 
by this mass of debris to the progress of the torrents, which 
descend from the glaciers of Grepau and Blaitiere towards 
the Arve, has diverted their course in a direction parallel to 
that of the valley of Ghamouni, and it was the observ9.tion of 
this singularity which led me to the detection of the moraine 
first-mentioned, which I could hardly believe had esc9>ped me 
00 long. 
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On the Comparative Value of different kinds of JParrot Coaly or 
Candle Coal, for yielding GoB^ and on thfi Illuminating 
Powers of Gas at Dijfferent Distances from the Manufcictory, 
By AnwewFyfb, M.D., F.R.S.E., F.R.S.S.A. (Conamu- 
nicated by the Royal Scottish Society of Arts^)* 

Havipg for some time past been e;Ktensively engaged in con- 
ducting experiments with the view of ascertaining the illumi- 
natiog power of gas from different Hnds of parrpt coal, and, 

* Read before the Society, 8th January 1844. 
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oonseqaently, the value of these coals for yielding gas ; and, 
also, in trying whether or not gas is affected by its transit iii| 
the street pipes, I have thought it proper to lay the results oi 
these trials before the society. The subject is, in many pointal 
of view, of importance ; and I trust, that what I have now to 
oonmiunioate will not be devoid of interest to a Society, the 
chief object of which is the promotion of our arts and manu- 
factures. 

I. On the Comparative Illuminating Power of Ocufrom different Cooft, 
omd the comequent valtte of theae Coals for the Manufacture of 
Ooi. 

The coals on which the trials were made, were those from Les- 
mahago, of which thisre were two kinds, called the Duke's and 
Ferguson's, the Monkland, the Knightswood, and Skaterig 
coals, from the west of Scotland ; the Wemyss and Torrybum 
coals from Fif^shire, and the Amiston, the Dryden, and Mar- 
quis of Lothian^s coal, from the neighbourhood of Edinburgh. 
Of the last, there were two kinds, marked A and B^ the for- 
mer being that generally used by the Gas Companies here. 

The above coals were first subjected to analysis, with the 
view of ascertaining the per centage of gas, of coke, and of 
ashes, and also the specific gravity. The following was the 
results 

Analysis of the Coals used in the Manufacture of the 0<u, 
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Sp. Gray., 



0«f. . 
Coke,. 



1233.9 



I 



12Q9JS 



56.3 
4a7 



Athet per eent. 



100.0 



3.5 



53.6 
44^ 



100.0 



6.3 
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1236.4 



46£ 
53.5 



100.0 



5. 



1 

•a 






1116.7 



4.67 
53.3 



100.0 



4. 



1427.2 



62. 
38. 



100.0 



4. 



I 



o 



11734 



54.3 

45.7 



IOOjO 



4.5 



I 



57JS 
42JS 



100.0 



1. 



E 



o 
H 



1304.7 



66.3 
4a7 



100.0 



3. 






1409.8 



48.8 
51.2 



100.0 



1.9 



124 



51 

4: 
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In obtaining gas from the ooals, the compocdtion of which 
\a& been given, I employed an apparatus erected in my labo- 
ratoiy for the purpose, and constructed in the usual way. 
The retort was capable of being charged with 5 lb. of coal* 
The condenser consisted merely of a system of pipes, of nearly 
100 feet in length, and two inches internal diameter. The 
purifier contained three shelves with dry slaked lime, by which 
the gas was thoroughly purified before going into the gasome-^ 
ter. In the different trials, the quantity of coal used was the 
wme in all, viz. 5 lb. ; and the temperature, to which the re- 
tort was brought, was, as nearly as could be judged of by 
its appearance, also the same in all. ' The time for taking oS 
the gas, of course varied in the different cases ; in general, it 
was from 50 to 60 minutes. 

Different methods were had recourse to for ascertaining the 
illominating power: Ist^ The shadow. For this purpose, a 
wax candle, burning as nearly as possible with the same flame, 
was contrasted, at different distances, with a single jet of 5 
inches, using- the same jet in all the trials. 2e/, The condensa^ 
tion by chlorine, following the method described in my former 
paper. These are the tests in which I place the most con-» 
fidence. 3^, The time required for the consumpt of a given 
quantity. In the trials, a single jet of 5-inch flame, always un- 
der the same pressure, was used. 4/A, The specific gravity, 
which was taken by Crosley^s apparatus. 5/A, The length of 
flame from a single jet, under a pressure of one inch. This 
last is what is called Aldcock's burner. 

In conducting these trials, due attention was paid to every 
circumstance, so as to secure accuracy in the results, not only^ 
in the manufacture of the gases, but also in ascertaining the 
iDominating power by the methods above mentioned. For tho 
flake of brevity, the results are given in a tabular view. 
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TABLE 9hewing the proportion of €ku and of Oohe, and aUo the Ulu- 
9nMMting Fotwrof Oa$ got from the diferent lands of Coal, compared 
with that of a Waa Candle taken ae unity. 



COAM* 


gkmdow. 

/•t 5 inch 
flame. 


CMortef. 


IfootiA 
Minutes, 


SpedM 

Air 

1000. 


Length tf 

AUcoek 
Burner, 

Pressure 
linch. 


Cnhic 

feet of 

Gas 

from 

100 1b. 

CoaU 


Coke 

from 

1001b. 

CosL 


AmUton,... 4 


3.57 
8.69 


16.5 
19.5 


67 
70. 


636 

638 


3.5 

a.5 


47. 

48. 


42.6 
42.6 


Average, 


3.68 


17.6 


68.5 


637 


3.5 


47.5 


42.6 


WeniysSc 


3.36 
3.67 


22. 

17. 


80. 
70. 


666 
657 


4. 
3. 


45. 
45. 


61.25 
51.25 


Avenge, 


3.52 


19.5 


75. 


662 

• 


3.6 


45. 


51.25 


Letmahi^... \ 
(Duke'B) / 


2.08 
3.62 


15.75 
16.50 


68.5 
65. 


657 

644 


3.6 

3.26 


47. 
50. 


43.75 
43.75 


Average, 


3.35 


16.12 


63.7 


650 


3.37 


58.5 


43.76 


Monkland, ... 


S.64 
3.9 


13. 
19. 


60. 

74. 


62t 
713 


3. 
3.5 


47. 
44. 


46.25 
43.75 


Average, 


3.27 


16. 


67. 


667 


3.25 


45.5 


45. 


Leemahago... f 
(Ferguson's) [ 


3.26 
3.12 
2:54 


16. 
15. 
15. 


62. 
61- 
60. 


614 
641 
655 


3. 
3. 
3. 


45. 

45. 
44. 


48.76 
47.5 


Aven^ 


2.88 


15.33 


61. 


637 


8. 


44.66 


48.120 


Torrybum,... 


2.95 
2.45 


13. 
13. 


59. 
56. 


633 
615 


3.6 
3.125 - 


62.0 
48.0 


42.5 
42.6 


Average, 


2.7 


13. 


57.6 


624 


3.33 


50.0 


42.5 

47.5 
47J$ 

47.5 


HarqulB Ikh ) 
thian, A. J 


2.75 
2.6 


13. 
12.5 


59. 
56. 


633 
615 


3.5 
3.125 


46.0 
46.0 


Average, 


2.67 


12.75 


57.5 


624 


3.33 


46.0 


Marqoifl Lo- \ 
thian, B. 


2.48 
2.43 


14. 
13. 


60. 
63. 


556 
566 


3.25 
3. 


44.0 
44.0 


44.4 
55. 


Average, 


2.45 


13.5 


61.5 


556 


ai25 


44.0 


49.7 

52.6 
63. 

52.7 


Knightswood, 

9 


2.0 
1.75 


8. 
10. 


45: 
52. 


560 
564 


25. 
25. 


41. 
40. 


Average, 


1.87 


9. 


48. 


557 


25. 


40.5 


Skaterigg, ... 


1.98 
1.80 


9. 
9. 


40. 
51. 


478 
521 


2.75 
2.6 


42. 
45. 


57.6 
52.6 

56. 


AveragOi 


1.89 


9. 


45.5 


500 


2.66 


46.5 
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~ Shadow, by the Chlorine Test, and by the Time for Oomnming a CiMe 

Foot by the 6-inch jet, . The gas from Shanterigg being taken as unity^ 



Goals. 



Skaiangg, 

Knightswood, • • • • 
Marquis of Lothian, B. 
Marquis of Lothian, A. 
Torrybnm, . • • ' • • 
Lesmahago, F. • • • • 
Monkland, . • • • • 
LesMiduigo, D. 
Wemyss, . . , 
Arnlston. • . 



• * • 



StuOum, 



1 

1 

15 

L42 

L44 

1.54 

1.74 

1.79 

1.88 

1.9 



Chloriao. 



1 

1 

1J5 

lAl 

1.44 

1.70 

1.77 

1.79 

S.16 

1.94 



Consmnpt. 



I < I i I 



I 

1.0(» 
1.35 
1.26 
1.26 
L96 
L46 
1^ 
1.64 



The foregoing observations applj solely to the comparative 
value of ike ga^ for the purpose^ of illumination, as found by 
the methods described ; but it will be seen by inspecting the 
table, that not only is the time required for consuming equal 
volumes of the gases different, but that the quantity of gas 
given off, though generally nearly the same, yet in some cases 
18 higher than in others ; of course, these must be taken into 
Itccount in fixing the comparative value of the gases, and c6n-* 
sequently in enabling us to Ascertain the comparative value of 
the coals for the manufacture of gas. 

The following table shews the comparative illnminatitig 
power for equal consumpts of gas, as proved by the shadow* 
test Skaterigg being taken as unity. 



» 


Coals. 




Skaterigg, . • . 

Enightswood, 

Marquis of Lothian, B, . 

Torrybum, , 

Marquis of Lothian, A, ^ 


1.00 
1.00 
1.76 
1.80 
1.90 


Lesmahago, F., 
Lesmahago, D., 
Monkland, 




2.00 
2.48 
2.54 


Axniston, 




2.90 


Wemyss, 




3.08 



< 



In addition to the above, if we take into account the qu«i- 
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thy of gas given off by the coals, then the oomparatiye value 
of these ooals for the manufaotore of gas will be as follows : — 



XXUlKUbOITWU.» • • 

Skaterigg, 


1.12 


Marquis of Lothian, B, 


1.81 


Marquis of Lothian, A, 


2.16 


Lesmahago, F., . . 


2.20 


Torryburn, 


2.22 


Monkland, 


2.86 


Wemyss, 


3.41 


Arniston, 


3.43 


Lesmahago, D., 


3.58 


In the above calculations, the value of the coke, and of the 


ammoniacal liquor and tar, is not taken into consideration. 



II. On the Effect of the Tramit of Oae in th^ Pipes, from the Manu- 
. factory to the place where it i» to be consumed. 

It is well known, that, with the view of purifying coal-gas, 
it is made to travel through the condenser, where it deposits 
its tar, volatile oil, and ammonia. In most cases, the condenser 
is merely a system of tubes or boxes, the length and cubic 
area of which vary according to the extent of the manufactory. 
It may naturally be supposed that after leaving the gasometer, 
the gas, during its passage in the street pipes, will be still 
further affected ; and hence has arisen the idea, that the gas 
at a distance from the manufactory, is of inferior illuminating 
power to that consumed near it. A different opinion has, 
however, been maintained by others ; indeed, many suppose, 
that the lighter particles are conveyed to the greater distance, 
and as these are conceived to be the purest and most highly 
illuminating, hence, it is imagined, that the gas delivered at 
a distance from the works, is of superior illuminating power to 
that consumed in their immediate neighbourhood. 

Several opportunities have been afforded me for making 
trials on this important point ; I say important, because it is 
a question, the settlement of which may materially influence 
Gas Companies in the choice of a situation for their works, be- 
sides influencing consumers, with regard to the company from 
which they will take their gas. 
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The gases on which the. trials were made, and the results of 
which I am now to give, were those of Edinburgh and Leith^ 
and also that of a town in the north of Scotland, to which I 
went solely for the purpose of experimenting on this subject, 
as I knew that a good opportunity there presented itself, owing 
to the great distance to which the gas is sent* The illumina- 
ting power was ascertained chiefly by the chlorine test, because 
I found it difficult, nay in some oases impossible, to carry an ex- 
perimental, metre with me, and hence one great advantage of 
this. test. 

Trials on the Leith Gas. — 9th Dec. 1842. The gas was 
made from Amiston coal, which was found to yield from 510 
to 539 cubic feet per cwt., that is, taking the average, 464 
from the 100 lb. In my trials with my own apparatus the 
quantity amounted to 475 feet. By different trials with the 
chlorine test, the condensation at the works, on an average, 
amounted to 13 per cent. On the evening of the same day, 
the gas from the same company was tried at Niddry Street, 
Edinburgh, a distance of upwards of two miles from the ma- 
nufactory, and the condensation there was, on an average, 12* 
In this instance, the flow of gas in the pipes, to supply the 
immediate neighbourhood, was not great, and I was, therefore, 
anxious to have other trials made. I accordingly selected 
George Street, because I knew that, from the works at Leith 
to this situation, the pipes are laid in a direct line ; and, as the 
flow of gas was considerable, I was convinced that that tried 
at the works, and in the other place on the same day, would 
be the same. — ^16th Dec. At the works the condensation by 
chlorine was, on an average, 13.7* The gas was from Amiston 
coal, which had been in use for two days ; on the evening of 
the same day the condensation at George Street amounted 
to 14. 

Trials in the North of Scotland.— 26th Dec, 1842. The 
gas was made from a mixture of two parts of Lesmahago, one 
of Monkland, and one of Torrybum coal. The average of all 
the trials at the manufactory, indicated by the chlorine, was 
14.75. By the Aldcock burner, the length of flame, by one 
mch of pressure, was 4.1 inches. The specific gravity was 590. 
On the same day, the gas was tried at the distance of nearly 
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riz mUes. Bj the cUorine the indieation was 13.25. The 
speoifio graTitj was 653, and the flame by tide ^Aldcoek buimefrt 
at one moh presflnre, was four mohes. In this trial "thedlffer- 
eiioe is very trifling ; and as the gas on whieh I opesated at the 
worics was that made iasmL BatamiBf evanp i» Hbmdiqp 
"wmmimfgtim ^dneh day the experiments were oondneted, thei:« 
» every reason for beheving, Ihat^that tried at the works and 
«t the distant point was the same. 

Triak en the Edinburgh Ga8.—\5ih Nov. 1842. This ^ae, 
tried at my laboratory in Surgeon Square, a distance of neariy 
a mile from the manufactory, indicated, by the dilorine test, 
13.7* On the 9th Dec, it was 13 ; on the 19th, it was 13.00, 
giving an av^age of 13.45 ; on the 20th Dec, the gas was 
tried at the works, and on an average was found to be 13.16 ; 
en tihe evening of the same day, the gas at George Square, a 
distance of upwards of a mile, was 14 ; on Friday, the 33d 
Pec, at the workli, it was 14; at George Square, om the 
evening^ it was 14. The leverage of all the trials at the 
iviorks was 13.5 ; at a distance, it was 14. Z have again, 
more lately, tried this gas at a greater distanoc On the 
^th Dec. 1843, the gas at tiie wwks indicated 13 ; at the 
distance of upwards of three miles on the Glasgow road, the 
indieation was 12.5. 

In the above experiments, the ilhumnating power of the gas 
is, m some cases, the same at the works and at a distuiee ; in 
three, it is rather lower, and in ene it is rather higher, at the 
^stant point. Taking the average of aH the trials, the pe- 
rmits 
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Avecage, 13.59 ^3.3^ 

'The difference, as shewn by the above table, is so very 
trifling, as to be altogether unworthy of notice ; consequently 
proving that the distance to which the gas is conveyed, after 



ft is properly purified, makes little or no difference in the flhi^ 
minating power. Of course, in making this remark, it must 
be understood that it does not at all bear on the loss that may 
be siMltained, by the diminution in the quantity of gas, by 
fcokange in the pipes, and otherwise ; a point which it is diflb- 
ctJt to deeide, where a company disposes of its gas, partly by 
Bieter, and partly by conti*act according to the time, but which 
does not afifect the consumer, who has to pay for the gas that 
{lasses through his meter, or by the time his burners are in use* 



On the Produ^dion of Flames in Volemwes, and the conse- 
quehees thut may ie drawn ikete/rom* By M. XiEOPOLP 

PiLLA. 

Tsis question^ wh^er rolcanic pbenomena lare aeeompftnied with 
Ismes, is, in my opinion, of so mucli importance in the science of i^ 
eartb^ *that ite attention of natural philosophers cannot be too ff^^ngly 
draim taft ; doubts are still left in the mind respecting it, whidi onght 
to 1)6 removed. The greater numher of men of science who have de- 
VQfCed themselves to the study of volcanoes, deny that there is anymani- 
iesta^on of this phenomenon in volcanic eraptions ; and they in general 
'think, that what the vulgar, Atid even many writers, have Called /am*«, 
is nothing else than the reflection of the light produced by ^e burning 
substances on the walls of the craters, and on the column of smoke which 
issues from them. I may be permitted to quote, in Teference to Hiis^ the 
following passages from most respectable authors. 

" An unanswerable proof of the insufficiency of this hypothesis (th<B 
disengagement of bydrogen gas in the eruptions of Stromboli) is the fol- 
lowing^ When the bubbles of the boiling lava bare(t by Hhe escape of 
&6 enclosed gas, who does not see that if this gas consisted of hydio- 
gen, it oiight^ at that mom^t^ to become inflamed on the sux&ee of lifae 
lava? Now> it is very certain that in no eruption do we ever see the 
slightest flame on the lava."* 

" The diffeieut metallic combustibleB and metalloids may decompose 
water, in proportion to the degree of affinity they possess with the 
oxygen of the latter^ and give rise to the series of acids and oxides 
which appear in volcanoes. We ought, however, to observe, that the 
hydrogen, on leaving its state of combination, never reaches the aper- 
tures which vomit, fire, and which are in communication with the atmo- 

• SpaUanzani, Yiaggi aUe Dae^idUe, t. iu. cap. 21. 
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•pherio aiTi because we haw never teen JUmet, either on the eraier ^Mf4 m 
action, nor on the tuffaee of the running lavat*'^ 

" One of the consequences of Davy's h3rpotbe8is4 and perhaps the most 
important, would be the disengagement by the craters of volcanoes of an 
enormous quantity of hydrogen, either free> or combined with other 
•principles, if it really be the water which, by its oxygen, induces vol- 
canic fires. It does not appear, however, that the disengagement of 
hydrogen is very frequent in volcanoes. Although, during my abode at 
Naples, in 1805, with my friends Messrs Alexander de Humboldt and 
Leopold de Buch, I had an opportunity of witnessing at Vesuvius fre- 
quent explosions, which threw out broken lava to a height of more tiian 
200 yards,. I never perceived any inflammation of hydrogen."t 

" The brilliant light reflected by the clouds of aqueous vapour and 
ashes suspended over the cone, produces this appearance, which is so 
often described under the erroneous denomination of Jlames, in the ac- 
counts of volcanic erruptions by inexperienced observers, who have no 
acquaintance with science/'^ 

8ir Henry de la Beche, when describing the phenomena of an eruption 
of Vesuvius, expresses himself thus : '* The solid substances thrown up by 
the volcano, appeared like a numerous discharge of red balls, while the 
light of the burning mass in the interior of the crater, reflected some- 
times in a very vivid manner by the column of vapours above, produced, 
to the view of an observer, placed at a certain distance, the appearance 
of flames, which there are strong reaeoni/or believing to be illusory. It is at 
least very certain, that almost all the cases of this nature which have been cited, 
have no other cause than a rejlectian of light, which varies in intensity with the 
activity of the volcano,^'§ 

" The vapours illuminated by the incandescent substances which fill 
the craters, or cover their walls, have often been taken for flames. But 
this illusion has been combated by a great number of observers, who have 
affirmed that true/lames never issue from the crater of a volcano,**\^ 

I myself, also, drawn away by so many authorities, when I commenced 
to observe the phenomena of Vesuvius, said, ^' We ought to take care 
in such cases not to mistake the luminous radiation produced by the 
stones and incandescent scorisD for flames^ an error into which many 
people have fallen ;"ir and, in fact, when I wrote this sentence, I had 
never observed flames from Vesuvius. 



* Oovelli, Btoria del fenomeni del Yesuyio, § zc. 

t Gay-Lu8sac, Reflexions sur lea Yolcaiui (Ann. de Chim. et de Fhys. i. xxii.) 
X Poulet Scrope, ConsiderationB on Yolcanoes, cap. 3, S i> 
§ Manuel de Geologie (art. Yolcans en activity). 

II Brongniart, Des Yolcans et des terrains volcaniques (Art. da Diet. d'Hist. 
Nat.). 

5 Spet. del Yesuv. fasc. 1, § xzvii. 
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I fi>i>bear to quote in this place passages from more ancient authors. 
It is true that manj of them> in describing volcanic phenomena^ some- 
times mention fiamet ; but it is evident that they paid no particuLir atten- 
tion to this phenomenon, and did not distinguish it from the luminous 
Inflection produced by the burning substances. 

We perceive, therefore, that geologists, up to the present time^ have 
been of opinion that volcanic eruptions have never been accompanied 
with flames. This opinion, however, is altogether erroneous. At least, 
I think that I am entitled to make this affirmation positively in reference 
iQ Vesuvius. 

Let us commence by stating the facts which may support this general 
proposition. Of all the phenomena which I have had occasion to observe 
in regard to Vesuvius for twelve years, I consider those which I am 
shout to notice, and an acquaintance with which I owe to a fortunate 
seddent, as the most important. 

On the night of the 2d June 18dd, I was within the crater of Vesuvius, 
in order to observe the phenomena of an eruption, which was approach- 
ing its close. In the centre of the crater there was one of those cones 
of BcorisB which are formed and disappear with euch marvellous rapidity ; 
it was the largest cone I had ever observed, so much so, that it might 
bave been called the little Monte Nuovo, There was a large funnel- 
shaped aperture on its sunmiit, through which the explosions took 
place. At the moment of which I speak^ these had become less frequent, 
and succeeded each other at intervals of from three to four minutes. 
This circumstance made me desirous to mount upon the cone, in order 
to observe the great phenomenon of explosions^ which I never before had 
it in my power to do near at hand, and immediately over the opening. 
I bad frequently, indeed, observed eruptions from the summit of la 
Punta del Palo ; but the distance from the proper opening, or what may 
be called the air-hole of the volcano, the walls of scoriss with which it 
is usually surrounded during eruptions, the smoke, the ejection of 
■tones^ and other circumstances, h(jid always prevented me seeing dis- 
tinctly what was going on in the volcanic orifice. At the moment of 
explosion I ascended to the edge of the cone, along with my courageous 
gnide, who shared in my curiosity to observe the appearances. The in- 
terior of the opening was almost entirely free from smoke ; a small 
quantity only issued from different points in the walls. This fortunate 
circumstance enabled me to see very distinctly all the parts of the crater, 
and ever3rthing that was going on there. The bottom of the funnel was 
open ; it lay immediately under my eyes, at a depth of about eighty 
metres > its circumference was nearly twenty yards ; the whole of its 
burning interior was visible. The view of the phenomena which accom- 
panied the explosions was inexpressibly magnificent. They consbted of 
the following : 

A loud subterranean noise, and a violent shock, announced the explo- 
sion ; immediately after, and almost at the same time, the mouth (^ned 
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and inade a dkcharge, with a noise reflembliiig that of & disebarge of can- 
non. A oolunin of black and fuliginous smoke issued with great ru>^ 
lenee^ and there was thrown up^ with the lapidity of lightniBg, an 
enonnotts tonent of inflamed gaseous substances and burning stones^ 
which fell back again like hail, for the most part into the gulf^ butt 
partly without it. I was oTerpoweied with the grandeur of the spec- 
tacle^ but I did not fail to observe, in particular, the column of flames 
which accompanied the explosion. It was the first time that It had 
fiJlen to my lot to witness such a phenomenon. The flame rose to 
the height of 4 or 5 yards^ and then disappeared among the Tolumes of 
smoke^ so that a person whose eye was on a level with the edge of the 
gulf could not have seen it. I mention this^ because when volcanic ex- 
plosions are viewed from a distance, and from places where the crater in 
action is not visible, it never happens that the flames are visible ; whence 
it is that the existence of this phenomenon in volcanic actions has been' 
denied. The flame which I observed was of a very decided violet-red 
colour. It was very obvious that the gas which produced it became in- 
flamed by contact with the air, because it burned only on the circumfer- 
ence of the column, and in the interior was obscure, presenting^ on a' 
huge scale, what may be seen in a lamp on a small one. After the er- 
plosion and fall of stones had terminated, another very remarkable 
phenomenon was perceived. Insulated flames, disposed in a very 
picturesque manner, remained in the bottom of the gulf, moved around 
the mouth, and flickered very slowly about the walls of the funnel ; an 
appearance which might be compared, in some measure, si licet mounma 
comparare minimis, to the flame of alcohol burning in a crucible. The 
beautiful violet colour of the flame was then easily distinguished ; a fidnt 
smell of hydrogen gas accompanied these phenomena. I continued for 
a quarter of an hour gazing on this enchanting spectacle, and during that 
l^e I saw five explosions always accompanied by the same appear- 
ances ; I would have remained longer in the same spot, had not the 
last of these explosions, which was much more violent than any of the 
preceding, compelled us hastily to retire. 

I have had no opportunity, since the above noticed occasion, of ob- 
serving the great opening of a volcano in a state of explosion ; but I hav»^ 
noticed the existence of flames in circumstances nearly similar. 

In the month of June, the following year, Vesuvius was in a state of 
eruption ; on the evening of the 7th I paid a visit to the crater. The in^ 
tenor cone was throwing up stones with such violence that it was im- 
possible to approach it, A current of lava was spouting out through a 
fissure at its base. Quite near to me, there was an elevation of a longi- 
tudinal form, which bore eight small cones, or rather eight large tubes 
of lava, open at the summit, and throwing out gas and steam with a 
whistling noise that was quite deafening, and which might be compared 
to that caused by opening the valves of a high-pressure steam-engine. 
Favoured by the darkness, we saw that their actions were accompanied' 
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wilh beantifiil cfmical flames^ which issned from the ixAxA with « TioleDOt 
lUeh might be in Bome measure compared to a flame incieased ia is^ 
tattritjT hy a Idow^pipe. The lesgth of these flanles was firam. d ta 5 
iaohe% and their diameter at the base about an inch imd a half;, thej 
bunt with a beautiful greenish colour^ like alcohol holding boracid acid 
B iolatioii s sach acokujr would tery likely be produced by the chloride 
of copper accompanying the gaseous substances^ The snioke i^ish 
tsoqted £rom the openings in the cones had an intolerable smell of 
moiiatic acid ; sulphureted hydrogen gas was not perceptible. This was 
the second time that I observed flames in the crater of Vesuvius, and I 
saw thena in company with my esteemed friend M. Ravergie of Faiisji 
who was my companion in this expedition. 

I saw very beautiful flames from Vesuvius, for the third tim6> during 
tbe great eruption in August 1834. An opening was formed in the vol- 
cano at its eastern base^ and a great current of lava was thrown out^ 
which spread over the fertile lands of Ottajano. In the place where the 
lava issued^ two elevations were formed^ which supported twelva small 
cones, kinds of homitos, all of which were in great activity^ and produced 
noisy explosions. One of these cones^ which appeared the most active^ 
and whi<$h I could approach near, notwithstanding the smoke it spread 
en all sides^ was emitting by its openings besides quantities of stones, a 
blight flame of a reddish-white colour, which came forth with great 
violence, and rose to the height of 3 yards. The jet was continuous^ 
like the flame from a high furnace heated by bellows. The smoke was 
obarged with muriatic acid, and> in a few moments, it enveloped P^o- 
&88or Tosone of Milan and myself in such a manner that we were nearly 
mflbcated* 

I never bad the good fortune to observe flames in Vesuvius in so dis- 
tmet a manner as on these three occasions. I have never seen them on 
the fiur&ce of currents of lava iso' from their source. But my friend, M/ 
Manmgna^ assures me, that lie observed them on a current firoia Btna^' 
dtning the erupti<m of 1819. 

According to all that 1 have said, my belief is, that volcanic explosiona 
tte constantly accompanied with flames. So convinced am I of this 
truth, in regard to Vesuvius, that I would engage to point them out 
during any eruption, provided the circumstances were at all &vourable. 

I again repeat, that if the existence of thi& phenomenon has been 
denied, it ia owing to the great difficulty of observing explosions very 
new at band ; and when they are observed far from the aperture in. 
^on» as is usually the case> the flames are either concealed by the wall»>. 
of scorisB which surround them, or, if they rise, they disappear among 
tBe smoke and jets of stones. 

The phenomenon of which I speak is not an accidental one in the great' 
wtioi^ of volcanoes. It is only necessary to see it once to be con-^ 
'vinced that it is intimately connected with the cause oi these a ct io n s. It 
iDay be said that flameaare the most remarkable circumstance in voleaoio 
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ezploiiooui^ as tbe latter are the most essenlial phenomena of eraptiontj 
we may perceive in them the most direct external manifestatioxi of tiU 
origin of the internal conunotion. It is for this reason that I considfli 
mj observations on the flames of Vesuvius as tending to assist in explaiaj 
ing the cause of volcanic phenomena. 

Reviewing what has been stated^ I think the following conclasions majl, 
be drawn firom it : — I 

1. Flames never appear in Vesuvius but when the volcanic action m 
energetic, and is accompanied with a development of gaseous substanosi 
in a state of great tension ; they do not appear when the actions are 
feeble. 

2. Their appearance alwajrs accompanies explosions from the principal 
mouth ; only they cannot be observed but in &vourable circumstances. 

3. They likewise shew themselves in the small cones in action, which 
are formed in the interior of the crater, or at the foot of the volcano. 

4. Finally, they are not visible except in the openings which are 
directly in communication with the volcanic fire, and never on tiie 
moving lavas which are at a distance from their source. 

After this exposition, it is natural to enquire^ what is the gas which 
produces these flames in Vesuvius ?* 



Dependence of the Geographical Belatione of Countries and 
Nations^ on the extent and situation of Forests. 

The rapid progress of all the material interests of nations 
during the general peace, which has liberated the German 
tribes, in particular, from the foreign yoke imposed on them 
from the West, was not without considerable influence upon 
the theoretical and practical turn of those sciences, which 
principally forward those interests, and are essential to their 
promotion. Among these sciences. Geography, which has 
for its object all the measurable, physical and political rela- 
tions of the earth, holds no trifling, but rather a highly im- 
portant place, because it ofiers various scientific, historical, 
and philosophical data, and considers them in their imposing 
details, in reference to the character of countries, nations, 
and empires. Its object is, harmoniously to connect the end- 
less variety of the phenomena of our globe, to subordinate the 
accidental to what is regulated by laws, to establish an tmi- 

* From Oomptes Rendtw, 1S43, No. 17, p. S88. 
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rersal connection between the individaal facts, and to investi* 
kte the general laws, those tokens of a Divine order of things. 
Its object does not consist in producing a long list of iso« 
kted facts without meaning, but it consists in representing 
the senses the influence of Nature upon nations, and man- 
td in general ; in showing the intimate connection between 
[the general aspect of the earth and the particular physical 
icter of the countries on the one hand, with the progress 
if civilization on the other, by means of giving an accurate 
description of the contrasts between highland and lowland 
countries, to be regarded as a basis and distinguishing cha- 
racteristic ; as also by discussing the method, according to 
which the knowledge of the physical character, and of the 
elevation or depression of countries, establishes a system of 
significsmt relations between all the different portions of con- 
tinents, and gives precision and certainty to delineations and 
political relations. By considering the subject-matter of geo- 
graphy under this point of view, the method underwent a ma- 
terial change ; the former was raised to the rank of a science, 
and an almost universal interest excited in its favour; for 
geography is now taught, not merely for the sake of its use- 
fulness, but principally for the sake of moral and intellectual 
improvement. The want of a solid system of teaching geo* 
graphy is more and more generally felt, both as regards deeper 
scientific pursuits, and as regards the acquisition of knowledge 
bearing upon the various branches of industry ; there is also a 
constant increase in the accumulation of geographical data, 
which, in spite of the great progress geography has expe- 
rienced, in its new character of a science (thanks to the dis^ 
tinguished labours of Professor Bitter), can scarcely be mas- 
tered, whilst the interest taken in the drawing of compari^ 
sons becomes daily stronger. Abstracting entirely from ma-* 
thematical geography, that is, from all the measurable terres^ 
trial relations, and keeping in view the physical relations only, 
there still remains an extraordinary quantity of matter for 
scientific investigations, which forms a basis for political ele^ 
ments, and furnishes the most certain and positive evidence 
of the intimate oopnectipn between the earth and the human 
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vaoe, and of the absolute dependence of the Tarious stages 
cshrilization, which nations and empires are destined to pass^ 
upon the physical characters of countries. 

These physical relations are considered in reference to Con* 
tinentSy taken in their whole extent, viz., they embrace stereo- 
graphy, hydrography, and atmospherography ; the distribor- 
tion of products ; even man himself, according to his natural 
elements, composed of, or resulting from, the varieties o£ 
races, and the influence of the earth upon mankind in g^e- 
neral ; finally, they embrace the changes whidi have occurred 
on our globe, together with the operating causes. Not loring^ 
sight of the principle, that nature exerts a powerful influence 
on nations, and mankind in general, and that the greater <»f 
smaller progress of all the geographical relations of nations 
depends on the development and amelioration of ihe physical 
eondition o( continents or countries, it is easy to perceive, that 
what is termed political geography entirely rests upon phy- 
sical geography ; for, in the first place, it has to explain the 
physical chiu*acter of the country, its situation, elevation, and 
depression, as weD as its condition and degree of cultivation ; 
and, in the second place, it has to inquire into the intellectuid, 
religious, economical, and political relations of the population, 
as also to give an estimate of the amount and density of the 
latter. 

A general survey of this department of political geography 
shows, to the attentive philosopher, that all the relations just 
enumerated^ are closely connected with the physical develop- 
ment of a country. On searching for the conditions, means, 
and causes of tiiis natural development, one discovers them in 
the presence or absence of forests, or in their extent corres- 
ponding to the other relations ; for the physical history of 
every country, from the remotest periods down to the present, 
furnishes innumerable arguments in support of tibe truth, that 
a moderate extent of forests, especially on mountains, and ele- 
vated ground, where tillage is impracticable, promotes in a 
high degree agriculture, trades, manufactures, and other en- 
terprises for increasing production; also commerce, and all 
the interests of individuals, as well as of entire nations. 
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Hence it follows that foreets ddserve to become an object of 
careful exftminaticoi, not only in a politico-economical and 
financial point of view, but also, and more particularly, in a 
geographical point of view, whether they be considered in 
reference to the one or the other section of political geo- 
graphy. 

This subject having still failed to attract the proper atten- 
tion, it is our intention to dedicate the following pages to the 
sopport of the above assertions, and to direct the thofigbta 
of tibe students to whom geography and its problems form 
m object of interest, to the examination of a geographical 
element, which is of the last importance for the study of geo«- 
graphioal relations, whether they refer to the physical aspect 
of countries, or to the population and all its interests. No 
person, at all familiar with our subject, will deny the truth 
of the following propositicms : 1. The more simple the form 
which the coasts of a continent exhibit, the more simple are 
lU its internal relations : 2. The more developed the former, 
the more developed are all the geographical relations of the 
continent, and of its individual countries and peculation, as 
regards tiie physical, intellectual, and moral, as well as the 
economical, political, and social condition of the latter: 
& The nature and the physical character of a country exert 
a powerAil influence on nations : 4. The climate in particular 
controls the whole being of man, as far as he is an object of 
geography ; in illustration of which, compare the inhabitants 
of the polar and equatorial regions with those of the tem- 
perate zones, observing, that the mind and body of the latter 
are not^ as is the case with the former, arrested in their on- 
ward progress of successful devel<qpment by a heat, which 
enervates the body, or by a cold, which causes it to shrink and 
to contract: 5. The capabilities of cultivation of the ground 
aceelerate the development of the bodily and mental faculties : 
6* The particular shape of a country powerfully influence^ 
the character and civilization of the people ; for example* 
UKmntain plains are chiefly tenanted by nomadic tribes, who, 
fr^oa time to time, invade the lowlands, subjugate the motives* 
and inspire them with new vigour and activity ; whilst the 
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naturally favoured countries, the river and valley districts, 
by a more or less considerable variation in the elevations and 
depressions of the country, by alternate plains of more or less 
fertile soil, by the modified effects of light a^d heat, by a 
greater or smaller variety and quantity of natural products, 
&c., keep the inhabitants in a state of perpetus^ bodily and 
mental excitement : 7. and, lastly, The peculiar features of 
continents, and of their individual portions, impress themselves 
on the character of the whole population, and the peculiarities 
of the different portions of a continent exert a very varied and 
mysterious influence upon the character of their respective 
occupants. 

No one will question the fact, that intense cold contracts 
the body, and checks the development of the mental faculties ; 
as also the reverse, that intense heat provokes the human 
passions to the utmost, and finally reduces man to a state of 
indolence and apathy ; so that, in either case, man cares for 
nothing beyond the gratification of his animal appetites ; but 
that, on the contrary, civilization commenced and prospered 
under the milder clime of the temperate zones ; that the life 
of those children of the desert, who have made but one step 
in advance, is very monotonous and insipid, and presents bat 
few wants and symptoms of developed faculties, because their 
native land is either a barren wilderness, or unfit for cultiva- 
tion ; but that, on the other hand, fertile countries and those 
susceptible of tillage, are inhabited by agricultural nations, who, 
in obedience to their own laws and government, are socially 
and politically united, and thereby enabled to make progress 
in their civilization ; whilst some of these countries, owing to 
their excessive productiveness, cause the inhabitants to relapse 
into a state of indolence and lethargy, and to remain stationary 
at a certain point in their onward course ; whereas other less 
fruitful countries tend to rouse the bodily and mental energies 
of man, and to promote a more vivid display of mental acti- 
vity. 

These and many other data, deducible from the compara- 
tive researches of Professor Bitter, and clearly establishing 
the powerful influence of the physical character of countries 
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upon all geographical relations, and all the interests of nations, 
are closely connected with the more or less favourable situa- 
tion of forests, because it appears, from innumerable facts in 
the physical history of countries, that the clearing of forests 
produced considerable changes in the physical condition of 
Gomitries, which were and still remain connected with equally 
momentous and influential changes in the economical, com- 
mercial, and artificial, as well as in the moral, mental, and 
political relations of the population : because forests, by 
means of their powerful effect on the condition of flowing and 
standing waters, on the atmospheric moisture, on the amount 
and more or less frequent occurrence of rain, on the local tem- 
perature, and, owing to this joint influence, on the productive 
powers of the soil, and on the salubrity of the air, react upon the 
physical condition of countries and the social relations of the 
population. The dependence of the temperature on geo- 
graphical situation, on the direction and rapidity of the winds, 
on the presence and extent of flowing and standing waters, 
on the greater or less elevation of the ground above the level 
of the sea, and on the external shape as well as the internal 
nature and condition of the soil, is attested by a great many 
phenomena. I^ss known, however, is the influence of forests 
apon temperature, because it has as yet, to a certain extent, 
escaped examination, and because the method of comparison 
has not been applied to demonstrate its reality. 

On considering, however, that the dark colour of forests not 
only prevents reflection, but favours the absorption of caloric, 
one may easily imderstand how they contribute to a decrease 
of temperature, just as sandy plains cause its increase. This 
latter case occurs, for instance, in the deserts of Africa, 
which are densely covered with glassy sand ; whereas the im- 
mense forests of Guyana* owing to their dark green colour, 
considerably reduce the solar heat, and, under the same lati- 
tude, produce in the annual mean temperature a difference of 
8° to 10° R. (18° to 22° F.), by which the thermometer stands 
lower in the former than in the latter region. From all the 
comparisons of the mean temperature of countries, situated 
under the same degree of latitude, of which the one is clear, 
the other full of forests, there always results a difference of 1 
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jfeo S^ K. (2^ to 7** F.)f by which the temperature of woody 
-eonntmes stands lower. A oomparison of France and the 
iN^erlands with Hungary, Bohemia, Bavaria, Au£ttria, and 
Fru88ia» regarding their climate, renders that difference -mcfte 
snanifest ; and a parallel drawn between France and western 
ilussia, or also between France and Looisiana, Gi^ana, and 
the United States of North America, ^res a balance of irom 
8«> to 6^ R. (4i^ to 9r F.). 

These facts are still more strongly illustrated by the d^res- 
sion of the isothezmal lines in woody countries, and by their 
deration in those destitute of forests. In the former th^ 
descend finriiher towards the equator, in order to attain the 
same mean temperature, because forests tend to diminish heat 
as well as cold ; the isothermal Knes (mount, therrfore, higher 
up in the latter. The isothermal line of 8^ R. (60^ F.) ascends 
in tiie Netherlands beyond lat. 63^ ; in Rhenish Prussia, and 
the two principalities of Hesse, it descends as fiir as 60^^ ; it 
then rises in the north of Germany a little beyond 52^, and 
sinks again in Saxony, Bohemia, and Gallicia, do¥ni to lat^ 
48° ; because, these countries being well stocked with fot^sis^ 
less latitude is requisite in ord^ to compensate the depressioo 
of the mean temperature which is owing to the forests, by a 
xaore soutiierly situation. 

The isothermal curve of 10° R (54^'' F.) begmain the west 
with lat. 47° ; rises in France, between the Loiiieaftd Seine, 
nearly as far as 48°, because tiiat district is almost completely 
stripped of wood ; but afterwards it sinks again between the 
Seine, the Moselle, and the Rhine^ and in French Switeerland^ 
as far as 45i^°, preserves an oblique direction throughout the 
-whole of southern Germany, Hungary, and Transylvania, 
until, in Wallachia, it falls as low as lat. 44°. The depressions 
plainly indicate the woody countries-^the eastern provinces of 
France, Switzerland, the whole of southern Germany, and 
Hungary ; the elevations again point out the woodless coim- 
tries : so that the results obtained from our eomparisens attri- 
bute a diflference of 1° to 2° (2°.26 to 4^50 F.) in the mean 
temperature to the intervention of forests, scattered over 
the different countries in Europe ; whilst in America, which is 
densriy covered with wood, that difference amounts to 4** (9^ F.) 



(fUM^ NiafHm M ^e emfeni md 4iUHffim iff Far^Hf, AtS 



r 

i ^Tbe d|recti<m of the is<ythermal lines proves in detail, ilmt 
the influence of forests is universal, and that it affeots JJie 
^jfanate of the opntinepts as well as of the sea-coaats. By 
carefully fdlpwing out tbes^ comparieonSf we arrive at 
ib^ QOQcluaion, that on the influence of forests depends the 
;pQi|)arka)>le distinction between the Old and New WortdL 
aod 4hat it produces the great oontrast between the nortiieni 
aad southern countries of Europe^ between the north and south 
of Germany, between the west and east of France^ and be«- 
tween the nprtheiw .and central proyincea of Spain ; and that a 
elunate, aubject to the influence of forests, ia not only less hot» 
bfrt even pauoh colder ; whence there arises a considerable and 
material difference, plainly perceived by keeping in mind that 
the entire vegetation depends on the distribution of beat dur« 
bg the different seasons, and that the nearer the thermometer 
approaches the freezing point, and the longer it continues in 
that low state, the shorter will be the catalogue of indi> 
genous and exotic plants, tibe more limited the number of 
those usefiil to 9>an. 

At the period when Asiatic tribes invaded Europe, its snr* 
&ce was covered witibi wood. It appears from Arthur Young's 
Travels, that the territory of Great Britain was densely 
overspread with large forests ; for Ireland, at present entirely 
eiear of wood?, is called the Woody Isle, and the descriptions 
of Strabo and Ptolen^y corroborate the existence of extensive 
forests in Scotland? where the Roman legions and auxiliaries 
were, by the command of the Emperor Severus, employed in 
rooting out and cutting down forests. According to the re* 
port of TacituSf the sky of England was constantly overcast 
with clouds and rain ; the cold, however, was not very great, 
and, according to Caesar's statement, the climate was much 
wilder, and the cold not so intense as in France.* At present 
ib0 contrast is more striking, for the removal of forests wrought 
a eoosiderable change in the physical condition of both coun- 
tiies, whenee aU their geographical relations became essen- 
tially modifled. We recommend a more careful investigation 



• Vlto AgrioolaB, cap. If, and Caesar de Bello GaUico, lib. v. cap. 10. 
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of this subject to those who take an interest in the study of 
comparative geography. 

In Italy the forests occupied all the hilly districts, whilst 
the water accumulated and spread over a great portion of the 
lowlands. The history of the earliest periods informs us that 
huge masses of timber were exported in exchange for wine, 
oil, and other products,* which the natives were in want of; 
and, according to Vitruvius, the timber grown along the Tyr- 
rhenian Sea was preferred to that coming from the shores of 
the Adriatic. Inundations of the Tiber surrounded the 
Mons Palatinus with a marsh ; and the woody declivities of 
the Apennines exerted such a powerful influence on the tem- 
perature of Italy, that, according to Livy, the Roman sol- 
diers, though hardened by the fatigues of many campaigns, had 
much to suffer at the siege of Veji, in the year 404 ante Ch., 
from violent frosts and heavy snow storms, because the hills 
around that city were covered with large forests.t According 
to the report of Oolumella,J there were, in his own lifetime, 
winters so severe that the frost destroyed every tree in the 
vicinity of Rome ; and Livy states, § that the ice interrupted 
the navigation of the Tiber in the year 354 after the founda- 
tion of Rome. Juvenal mentions,|| that, in the year 128 
ante Ch,, the Tiber was every winter regularly covered with 
ice ; and Horace, in his Odes,1f states, that the streets of 
Rome were frozen over, that Mount Soracte was covered 
with snow, that the weight of the latter weighed down the 
woods, and that the ice obstructed the course of rivers. Upon 
the advice of Virgil,** the lambs born on the adjacent fields 
of Rome were protected against destruction by cold, and va- 
rious precautions were adopted to neutralize the injurious ef- 
fects of winter. 

All these phenomena have long ceased, and, together with 
the changes in the physical condition of Italy, corresponding 
alterations have taken place in all the relations of the popu- 
lation, of which history and geography bear ample witness. 

* Vitruvius, lib. ii. cap. 10. f Livius, lib. v. cap. 13. 

t Colum. R. R. g Ut Supra. 

II Juvenal, Sat. 6. 521. Hibernum fracta glacie, descendit in amnem. 
' Ode 8, lib. i. ♦* Geoi^., lib. iii. v. 298. 
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I Occasionally, but very rarely, we hear of snow-showersi 
but as soon as the snow has fallen, it melts away, and the 
re&igeration of the air, which in a warm country is termed 
cold, lasts for such a short period, that it produces no 
sensible alteration on the high temperature of Italy. The 
prevalence of this latter must be exclusively attributed to 
the clearing of forests situated on the slopes of hills and 
mountains. Accordingly, hoarfrost appears to have now be- 
come one of the most rare occurrences. In France, hus^ 
bandry made but slow progress, and civilization dawned at a 
much later period than in Italy ; in consequence, its physical 
condition changed by long gradations only, and forests con- 
tinued for a considerable time to overgrow the country, and to 
impart an icy temperature. In Spain, according to the re- 
port of Livy,* the snow falling in the winter of the year 218 
ante Oh., lay, in the vicinity of the Ebro, for 30 days, to the 
depth of 4 feet. In the beginning of the first century, the 
whole north of France was covered with forests and morasses. 
Tacitus states,t that in Germany the cold weather prevented 
iraitfrom thriving and ripening, and, even 50 years ante Ch., 
the grapes failed in the cold forests of Belgium. According to 
Ovid,t the vine plantations were frequently destroyed with 
frost, in countries where nothing similar is now witnessed ; 
even the wine froze in open vessels, and the Black Sea was 
not only covered with ice, but the coating so strong, that 
heavy waggons could safely pass over. 

A temperature so low, and which, for instance, in the south- 
ern districts of Germany, was lower by 8° R. (18° F.) than it is 
now, occurs no longer in these and other countries of the same 
latitude. We draw, therefore, the conclusion, that, about 1800 
years ago, the forests exerted such a strong influence on the 
climate, that the mean temperature of the coldest month stood 
from 4° to 5° (9° to 11^^ F.) lower than at present ; that Ger- 
many, owing to its morasses and forests, was visited by winters 
resembling those of western Russia. It follows, from obser- 
vations, calculations, and historical traditions, that, in conse- 
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^ttenoeof the clearing of forests, the temperatare of counlriee 
has beeii'On the increase. 

If we now keep in mind the powerful influence of clisaat^ 
OH the peccdiarities^ manners, and customs of nations, on the 
di^Telopment of their intellectual and moral faculties» and 
on the cultiTation and productive powers of the soO ; and if 
we consider how much climate depends on the greater or less 
extent of forests, we have surely collected arguments strong 
enotigh to prove the assertion, that all the geographical reia^ 
tions'of nations ought to be viewed as intimately connected 
wiA forests, and that it should be held a main problem of 
comparative geography, to estimate their influence in all its 
bearings, and to acknowledge them as principal agents. 

Similar and still greater alterations in temperature are 
finked with those depending on forests, in so far as they 
are attributable to the formation and preservation of flowing 
waters. The countries and nations of antiquity, as well as of 
modem times, bear witness to the powerful influence of the 
latter upon the physical condition and fertilization of coun- 
tries, as also upon* trades and manufactures, agriculture and 
eoramerce, navigation, and all the other branches of industry ;- 
besides, in an indirect manner upon the intellectual and politf^ 
eal character of the inhabitants. The anci^its regarded Egypt 
as a gift of' the Nile ; the country situated between the Eu-* 
phrates and Tigris, as the happy land or Paradise. Civilisa- 
tion made the most rapid progress along the banks of rivers, 
where the population is generally very numerous and in a pros- 
pering condition* The Rhine, with the adjacent districts, 
offers the best proof of this assertion ; the Weser, Elbe, Oder, 
and Vistula, the Rhone and Danube, not to mention many 
othernavigable rivers in Europe, demonstrate the same. Inun^ 
dations and the retreat of flowing waters are two phenomena 
which considerably modify the physical aspect of countries. AH 
tile rivers of Europe testify the retreat of their contents to a 
lower level, as also the drying up of innumerable springs. The 
Iflorge masses of water they used to carry formeriy, excavated' 
the valleys and Uud the foundation of the alluvial jdains. The 
sand drifted along by the Seine and other French rivers is 
still found at a great distance front tiieir banks, and leads QS 
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to form an estimate of the breadth of their original beds ; the 
Po famished the alluvial soil for the plains of Lombardy ; the 
Danube formerly filled a broad valley, and the mud of the 
Mississippi gave origin to the boundless Savannahs of Louisi- 
ina. The inferior and central course of rivers presents^ there*- 
fore, a picture very different from that which f (vmerly existed 
and is still traceable in their superior course. Here we find 
mountains covered with snow and ice, or over^shadowed by 
large forests, running parallel with the superior, and gene^^ 
fally extending as far as the central course. The Rh<me, 
Rhine, Danube, Weser, Elbe, Maine, Neckar, and other rivers^* 
confirm this assertion, which is still more supported by an 
examination of the sources of the Ganges, Dschumna, and 
Burampnter, fed by the snows of the Himalayas^ as also of 
those of the Orinoco, Amazon, and La Plata, issuing fix>m the 
forests of the eastern Andes« 

At the same time that the forests on the northern slope of 
Mount Atlas convey nourishment to a number of springs and 
rivnlets, and become thus the chief cause of fertilization, 
aridity prevails on the southern slope, where the Sahara, with 
its bleak and barren rocks of basalt, is close at hand. A similar 
contrast may be traced between the eastern and western slope 
of the Andes of South America. The former is covered with 
extensive forests, giving rise to the sources of the Orinoco^ the' 
Amazon, the Paraguay, and the Parana ; the latter, possessing 
no forests, is destitute of lakes and rivers, owing to which the 
western regions of Peru and Chili lie barren and waste. It 
is impossible to attribute the cause of this to the mountains 
firom which those rivers draw their sources ; in that case, 
neitiier the Volga, the largest river in Europe, which rises at 
an elevation of scarcely 700 feet above its mouth, nor the Mis* 
assippi, which takes its origin on a bare mountain plain, could 
carry with them masses of water as large as they do in reality. 
All the wild regions abound with rivers more numerous and 
more copiously charged than those belonging to civilized coun-' 
tries. This dififererice may be accounted for by the clearing of 
forests, which causes the springs to dry up, and deprives the 
rivulets, lakes, and marshes, of their nourishment. In conse- 
quence, the larger rivers sink below their ordinary level, their 
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beda become narrower, their conrse becomes less rapid, and 
the process of evaporation loses in energy ; so that we may lay 
it down as an axiom, that, the more populous a country, and 
the longer inhabited, the more deficient it will be in forests, 
springs, and rivers ; again, the more reeettUy aad the more 
thinly peopled,- the greater will be the amount of forests and 
flowing waters. 

Tartary^ Persia^and many other countries of Asia ; also Spain, 
Italy, and Greece, attest the circumstance, that a scareity of 
forests involves a scarcity of water, and that the bare and bleak 
condition of the mountains, constitutes the reason why their 
declivities are without springs, and their valleys without rivers* 
The highlands of Central Asia possess neither forests nor 
flowing waters ; small brooks are by heavy showers swollen 
into torrents, which carry the mould from the fields to the 
valleys, lay waste the fertile districts, and inundate their crops* 
The United States of North America present relations ma- 
terially different. They contain immense forests and systems 
of vastly expanded lakes and rivers, which partly facilitate, 
partly impede, the geographical development of these coun- 
tries ; they prove, moreover, that the extent of forests is uni- 
formly proportional to the amount of flowing and standing 
waters. Comparative geography informs us, that mountain- 
ous, and at the same time woody countries, are amply provided 
with water ; that the clearing of forests causes the springs and 
brooks to dry up, and rivers to sink below their ordinary level, 
so that their beds and channels are finally blocked up with 
sand and mud, and rendered useless for navigation ; that the 
irrigation of fields depends on the extent of forests, covering 
the slopes and summits of mountains ; again, that forests con- 
tribute to the expansion of navigable waters, put a stop to the 
pernicious effects of aridity, and keep the ground in a state of 
moisture and productiveness ; finally, that the countries in the 
south of Europe, Spain, Italy, and Greece, in consequence of 
the clearing of forests, witnessed the drying up of their springs 
and streamlets, the almost total annihilation of their rivers, 
and the transformation of their soil into comparatively barren 
regions, so that the development of every geographical rela- 
tion became seriously affected. 
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* The United States, again, present the . opposite pictOFe. 
1^7 abound with every thing promoting the physical der^ 
k^ent of the country, and enable the geographer to dranr a 
distinct line of demarcation between the savage and the inha- 
bitant of a civilized country. The material interests form the 
basis, and are amply supported by the indirect Influence of 
forests ; for these latter constitute, with regard to agricultore, 
commerce, trades, and manufactures, one of those elementd 
which are indispensable to the prosperous condition of those 
branches of industry. The geographer, guided by the method 
of comparisons, has to draw his inferences respecting the rela- 
tions of the population, from these agents, which so materially 
influence the physical development of countries. 

The annual amount of rain is chiefly determined by the 
greater or less abundance of flowing and standing waters. 
Not taking in account, that it is to a certain extent dependent: 
on the geographical condition of countries, as also on winds 
and mountains, by far the greater portion of it must be re* 
ferred to the agency of waters and forests, which, when the 
latter occupy the slopes of mountains, are sure to increase 
the fall of rain ; and, in consequence, to affect the interests 
of agriculture, trades, manufactures, and navigation. W^ 
might furnish an abundance of examples, taken from the 
phyacal history of our globe, from meteorological observation^ 
made to ascertain the amount of rain, &c., in order to substan- 
tiate the assertion, that the gradual reduction in the quantity 
of rain falling in the south and west of Europe, is by no means 
the result of more extended agriculture ; but that the clearing 
of mountain forests presents itself as the most obvious and ef- 
ficient reason. 

, The simple fact, that l^vel coimtries, . under nearly the 
same latitude, although the one contains a larger extent 
of forests than the other, receive about the same annual 
quantity of rain, tends to demonstrate that it is only the 
mountain forests which, by determining an increase in the 
average quantity of rain, exert a powerful influence on agri- 
culture, and the other branches of industry. We may thus 
(Basily understand, why, in the woody plains of Bavaria and 
Prnasia, the amount of rain. is, on the whole, not much more 
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conraderaUe than in the plains of Champagne, wfaieh are desti- 
tate of wood ; and why the productions of the former are laiot 
so numerotis as those of the latter. This fact throws a new 
light on the natare of the influence which forests exert on 
the physical character of countries, and on the geograj^ical 
relations of the population. 

Atmospheric humidity is one of the most powerful agents 
in the formation of climate, and leads to the most remarkable 
changes in the physical aspect of countries. Obsenre, fpr in- 
stance, the great contrast between the savannahs of Ame- 
rica and the sandy deserts of Africa, and between the north 
and south of Germany, as also between the geographical con- 
dition of the respective populations ; for the highly sensible 
effects of moisture greatly favour the growth of plants and 
the breeding of insects, but they are exceedingly prejudicial 
to the animal functions of the mammalia, and, in partietdar, 
of the human race. A very moderate degree of humidity^ 
or a very dry condition of the atmoi^here and of the ground, 
produce contrary results, because they are incompatible widi 
the life of insects, and constantly lessening the number oi cul* 
tivated plants, thereby circumscribing, in the same proportiea, 
the means of support of the human species. 

Comparative geography proves to us, that, on the one haUd^ 
a damp atmosphere produces a damp country ; that tiie l4tter» 
though unwholesome, is in a state of productiveness, and cap- 
able of increasing the products of agriculture^ as also, by judi- 
cious management, capable of tendering the most precious 
gifts, and that it has entered the period of youthful develop* 
ment ; of which we have a striking example in the United 
States of North America. On the other hand, a dry atmo* 
sphere produces a dry country, which, though wholesome, 
assumes a more and more barren aspect, until it refiises to 
supply its inhabitants with the necessary nourishment ; as an 
instance, we may mention the deserts of Asia and Africa* 
These deserts are plains destitute of water, plants, and ani- 
mals ; they present the causes and effects of the last degree of 
dryness, and exhibit nature as it were in old age, a melandidy 
picture of its decrepitude. The geography of Asia, America, 
Afirica, and Australia, in contrast with that (^ Europe^ ezhii- 
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bits the inflaence of the pbysioal character of these oOBiitriAi 
upon the popiilation. 

Whilst at an early period, the Eur^^aos, by their perge* 
verance, cleared the country of forests, dried up the swamps, 
erected dykes along the banks of flowing waters, pr<Hnoted tiie 
free circnlation of the air, and by all these means relieved the 
atmosphere of its noxious vapours ; and, whilst the Ameri- 
cans are still Engaged in the execution of this laudable object, 
forests have wantonly been destroyed in several countries of 
'Europe ; for instance, in the three peninsulas traversed by 
the Apennines, the Pyrenees, and the Balkaz^ as also, in 
many countries of Asia and Africa, which, under a long-con- 
iinued eiviliaatioD, have, as it were, attained to old age, and . 
are now suffering from dryness of the ground and atmosphere, 
ewxng to which these countries are completely exhausted, 
misery is spreading among a scanty population, and the geo- 
graphical relations present features very poorly developed. 
An attentive comparison between the southern and central 
tHHmtries of Europe, as regards their agriculture, trade^ ma- 
mdactures, and commerce ; and, again, as regards their im- 
material interests, leads us to the conviction, that it is especially 
the absence of mountain forests, which operates as a check 
•upon all the material interests of the southern nations, and, in 
eonsecpience, causes the immaterial interests of these nations 
to be depressed. 

. Oensidering the powerful influence of atmospheric humidity 
tippn die various geographical relations, it becomes evidently 
a matter of importance to analyse our comparisons, and to 
reduce them to those elements which co*operate in the pro- 
4noli<mof such a state of the atmosphere^ Besides the evapo- 
latioii of the sea,, and of flowing and standing waters, jit is 
^shiefly the process of evaporation going on in forests, which 
^Mmstit^tes a very efficient cause of the diffusion of moisture. 
Notice, for example, the agreeable coolness of forests durii^ 
hot weather, attributable to the evaporation of wfttepy par- 
tialeS' from the sur£&oe of plants ; and witness the subsi9- 
quent locid depression of the temperature indicated by the 
•hygrometer, which, on exposure to the action of the forest 
atmosphere, rises quickly to the h^hei^t point pf the ^K^ale ; 
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M that) on account of the extreme evaporation carried on by th6 
forests of hot conntries, the instrument is unavailable for the 
purposes of measurement, since there the moisture considera- 
bly exceeds the highest point of the scale. 

Many and often-repeated observations have proved, that the * 
quantity of watery vapours with which the atmosphere is preg- 
nant, increases proportionally with the extent and preserva- 
tion of forests on the plains ; as also that it is modified by the 
nature of the plants which have a particular share in deter^- 
mining the influence of forests on the formation of atmosphe- 
ric humidity. 

Comparisons between woody and woodless countries furnish 
many arguments in support of these assertions, which are ap- 
plicable even to individual countries, for example, to Spain, 
France, &c. Accordingly, the province of Gallicia is indebted 
to the forests for its numerous population, and for many things 
in which it claims superiority over almost all the other pro- 
vinces of Spain ; the province of Estremadura, again, owes 
the want of agriculture and the barrenness of the soil to the 
absence of forests ; the greater part of this latter province 
and of that of Murcia presents a bleak, barren, and desolate 
aspect, merely because the mountains have been stripped of 
their forests. In the latter province, there is frequently no 
fall of rain for eight or ten months ; and the prevalence of dry 
sultry weather forbids agriculture, and checks the increase of 
population. The woody province of Valencia, on the other 
hand, enjoys a mild and agreeable climate ; its damp and pro- 
ductive soil is even favourable to the growth of the nobler 
products, such as vines and cotton-trees, rice and palm-treea» 
and completely provides for all the necessaries of life. Many 
other provinces, deprived of their forests, for example. Old 
and New Castile, exhibit strong contrasts in comparison with 
the woody provinces of Leon, Catalonia, &c., clearly proving, 
that the mountain forests impart a moderate quantity of mois- 
ture to the atmosphere, which preserves the soil from becom- 
ing dry and useless, promotes the growth of plants, and is 
favourable to the increase of population, as well as to the thriv- 
ing condition of the products of agriculture and of other branches 
of industry ; finally, it procures the means necessary for the 
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I sustenance and comforts of human Iife;.whikt the absence of 
forests carries in its train, dearth, sterility, failore of cropSy and 
scantiness of population. Various provinces of France furnish 
shnilar proo&, and demonstrate, on a small scale, that exces* 
aye aridity leads to poverty and starvation. Many parts 
of the south of Asia and of America are almost completely 
overspread with forests ; but, although an excess of moisture 
lielps to raise vegetation and the lowest class of animals to 
& high state of perfection, yet the imwholesome dampness of 
the atmosphere is prejudicial to the growth Of animals of a 
superior organization, undermines the constitution of man» 
and forms a great barrier to the development of his faculties ; 
so that the injuries arising from this are fully equal to those 
treated by the prevalence of excessive aridity : hence we con- 
clude, that mountain forests, by originating a moderate quan-* 
tity of moisture, contribute to the preservation of the general 
health, likewise to the advancement of agriculture, trades, 
manufactures, and commerce, as also to the prosperity of the 
population ; and that they deserve, on that account, the great- 
est attention, and to be acknowledged as an essential element 
of comparative geography, which, though it materially influ- 
ences the progress of civilization, has hitherto been too much 
neglected by geographers. 

In regard to atmospheric humidity, woody coimtries difier 
greatly from those destitute of woods. The United States are, 
by one-half, more damp than the southern parts of Italy ; the 
shores of the Caspian Sea twice as damp as those of the Bay of 
Biscay; the districts of Paris and of the northern provinces of 
France, scarcely half as damp ias Bavaria and Hanover : and, 
again, Saxony and Prussia suffer much more from moisture, 
than England, Scotland, and Holland, though these latter are 
reckoned among the dampest countries in Europe. The eva- 
poration of forests contributes to this increase of atmospheric 
humidity, as also to the well known lower state of temperature 
in the New World, relatively to European countries under the 
same latitude. These, and similar facts, procure us a positive- 
knowledge of the former physical condition of Europe, and 
convince us, that Spain, Italy, and France, were, at an earlier 
period, as woody as the corresponding countries in North 
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America ; tiiat they had a temperature lower by at least 4° or 
il" R. (from 9" to 11'' F.) than it is now ; that the banks of di« 
Tiber were as cold as tiiose of the Hirer Seine» at present ; 
that tiie banks of the Po, in point of temperature, reseniUed 
those ofllie Caspian Sea; and that, in general, the large foresfs 
9f Italy and of the southern parts of France, formerly gare 
rise to a climate entirely differ^it from what it is now-a-days. 
In accordance with these &et$, Italy, owing to the quantity <^ 
moisture produced by its forests, may have resembled the 
United States; and France, the woody territories of the 
northern parts of Europe. 

By careful comparisons we may gain a knowledge of the 
changes, which, in yirtue of the contrasts visible in the phy* 
sical condition of countries, have affected the various rdations 
of the races occupying the different portions of our globe* 
All the material interests of nations are intimately connected 
with that physical condition, nay, they positively depend on it« 
Through the medium of this latter, they are also influenced 
by the variations in atmospheric moisture, which are, as we 
have seen, in a great measure, the direct result of the action 
of forests. Moreover, the immaterial interests are thus indi* 
rectly brought under its control, a circumstance deeply affect* 
ing the welfare of all the European, and, in particular, the 
German nations. Comparative geography furnishes the most 
satisfactory evidence of this peculiar and thoroligh connec- 
tion between the physical condition of countries and all the 
geographical relations of the population, and it deduces these 
proofs especially from the influence which forests exert on 
the elements just alluded to ; as also on the fertilization of 
the soil, which, on account of the importance recently at* 
tached to the seriously and broadly discussed populationnjues- 
tion, play a very prominent part in modem science. We 
ought not to neglect the circumstance, that forests contribute 
in various ways to the production, preservation, and accumn^ 
tion of a fruitful soil, either by preventing the rich mould and 
alluvial soU from being washed and carried off the slopes of 
mountains, the waters of Oie sea from making irruptions, the 
sand of deserts from being scattered about, and the ground 
^om becoming exhausted ; or by influencing the condition of 
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diO06 atmospheric elements which assist in fertilizing the 
eoantry; or, finally, by originating that rich humus, which» 
being so beneficial to the growth of plants, provides the peon 
pie mth food, the trades and manufactures with raw mate- 
rials, .and commerce with the articles for barter. 

hi moontahious but woodless countries, dislocated masses 
of soil carry desolation down to the valleys ; torrents of raia 
remove and detach firom the rocks the loose and fertile mould, 
tttd deprive the mountain slopes, thus exposed in all their 
gloomy nakedness, of the share they had in the irrigation of 
the plains. The forests extending along the sea-coast, by in- 
terlacing their roots with the sand and alluvial soil, help to 
render it more compact ; they also assist in arresting the mud, 
deposited by rivers, and in forming the so-called deltas at the 
estuariett of these latter: thus, a girdle of palm-trees, stretching 
along the western e<%e of the valley of the Nile, prevents the 
fertile plains of the latter from being buried by clouds of 
LjUan sand, and protects agriculture against the masses of 
flying sand, drifted about by the blasts of whirlwinds. Large 
plantations are now acting as a check to the sands blown 
about on the plains of Gascony, and have laid the foundsr 
tion for an increase of fertility never anticipated. In the 
iarger countries of Europe, even in many parts of Germany, 
there occur instances of the beneficial influence of plantations* 
Forests occasion the condensation of atmospheric vapours, 
eonvey nourishment to the springs, brooks, and rivers, and 
eend mokture to the fields ; they also render the climate 
more settled, and ward off from the crops whatever injury 
might wrise firom sudden and violent changes in the weather. 
By depressing the temperature, they prove, according to 
the localities, elevations, and degrees of latitude, either 
beneficial or injurious, and tihey eonstitute the chief cause that 
a woody country, the temperature of which stands, by their 
means, 1^ or ¥ R. lower tiian that of a corresponding wood- 
lees country, assumes the same j^ysical aspect as if it occupied 
a sttuatiion 1-2'' latitude farther north, <x 224 toises of greater 
altitude ; hence we conclude, that forests cannot but in-? 
tensely affect the productiveness, the physical condition, 
and ngricnitural interests of a country. They establish, if 



L 



^A Dependence of the Ge<^raphical Belaiions of Countries 

we may use the expression, an artificial climate, modified itk 
proportion as they are more or less scattered Qver the 
country. 

There is not the least doubt that a reduction by 2° R. 
(4^.5 F.) of the mean temperature, obtained by raising plant- 
ations on the mountain slopes of Calabria, would restore to 
that country the delightful climate which prevailed at the 
time of the settling of the Greeks ; and that Bavaria and 
Hungary might be brought to boast of the supericnr vegetation 
which characterizes the fine provinces of Flanders, Provence, 
Franche Comt6, and that portion of LorrainCgWhich is bounded 
by the Ardennes and the Vosges mountains, provided that the 
marshy forests on the banks of the Danube, and in other 
places, were cleared away, the ground properly drained, and 
the extent of forests rendered only commensurate to the wants 
of the population. Acting upon this plan, we would obtain an 
increase of about 2^ R. in mean temperature. 

Owing to their influence on temperature, the beneficial 
efiects of forests, as regards improving the soil, increasing the 
quantity and variety of products, advancing the interests of 
trades, manufactures, commerce, and all the other branches 
of industry, and as regards insuring prosperity and opulence 
to the people, are indeed incalculable ; for an unusually damp 
and chilly atmosphere is not only unfavourable to the growth 
of exotic trees and plants, but endangers their health, espe- 
cially during the cold months of spring and winter, whilst in 
autumn it prevents them from bringing their fruit to a state 
of maturity. Again, excessive dryness and sterility diminish 
the number, and prove fatal to that class of plants which con- 
stitute the chief food for the sustenance of man and beasts* 
We need only allude to the breeding of silk-worms in Bavaria^ 
which is carried on at a great expense, and is far firom being 
in a prospering condition. 

If we consider, that, in the torrid zone, the coffee-tree yields 
but a poor crop, unless it is planted on the slopes of hiUs^ 
and screened from the heat of the sun by dense hedges of 
Verdant galba and rose-apple ; that the cocoa plantations 
suffer considerably, unless they are situated in the vicinity 
of forests, where they find shade and shelter, and a moist 
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V and deep stratum of vegetable mould ; that the more deli- 
I cste plants, if expected to thriye in the southern districts 
I ofEurope, require a similar situation; that the countries 
I stripped of forests preserve scarcely a vestige indicative of 
th^ former productiveness ; that the features of many coun^ 
tries, which have lost every trace of their former severe and 
unprofitable climate, are no longer recognisable; that the 
marshes of Burgundy have been rendered fit for the culti* 
▼ation of the vine, and that Dauphin^ has ceased to be 
placed, as it was under the dominion of the Romans, on the 
borders of cultivated territory ; that maize yields fine crops 
even on this side of the Spanish and Italian frontiers; 
that the olive-tree is not confined to Greece and Italy ; that 
the climate of the United States becomes milder in proportion 
as the settlers destroy and clear away the forests ; and that 
the vegetables transplanted from Europe, which refused to 
thrive on account of the damp and cold condition of these 
^oody countries, easily arrive at a state of perfection ; that, 
on the other hand, the fertile plains on the slopes of Mount 
Atlas, deservedly called the gardens of the Hesperides, have 
lost all their fertUity, together with their streams and forests ; 
that the Canary Isles, extolled by the ancients for their 
delights and remarkable productiveness, are now despoiled 
(rf their £orests and underwood, and threatened with the 
niiseries of dearth and barrenness^ If we consider all this, 
we are no long^ in need of arguments to prove, that forests 
are a most essential element of comparative geography, espe- 
^ly as, owing to their influence upon the material interests 
of nations, they are likely to become an object of still greater 
importance ; also because these interests are, by a certain 
party, proclaimed as the basis of intellectual interests ; so that 
all the relatiotis of the population are both directly and in- 
directly very closely connected with forests* 
* Moreover^ if we take in consideration that forests furnish 
the materials for the formation of that vegetable mould from 
which plants derive the greater portion of their nourishment^ 
and that every thing which falls from them is converted into 
a natural manure ; that the plains situated beyond 68"^ lat., 
and probably not long ago abandoned by the sea, present; 
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ihemselyes as a fertile moorland, intersected by many swamps? 
tiiat the deserts extending on the soath side of Moot 
Atlas, and which were never eovered by forests, resemble 
large tracts of country inundated by the sea, and destined, aa 
doubt, to remain for ever in a state of burenness ; tliat the 
isles of the Pacific, reared by volcanic action and but for » 
short period covered with lava, and not yet old enoogh fop 
the growth of forests, or, therefore, for the formation of * 
fertile soil, — ^if we take all this in consideration, we must feel 
convmeed, that all those countries which, since the last rcvo- 
kition on our planet, have either kept clear of forests^ or have 
lost them long i^, or have acquired a new surfiice, eaimofe 
boast of that stratum of rich humus to which forests give ris^ 
and which constitutes the chief cause of that remarkable pro- 
ductiveness which distinguishes the United States of North 
America ; where, thanks to the forests, it unfolds to the 
spectator the matchless brilliancy and imposing grandeur of 
an ever green and ever flourishing vegetation. 

Countries which, in the course of a long civilizafcbn, have 
lost their forests, have for more than 3000 years been subject 
to the fatal interference of man, and have laboured under 
the extremes of an unsettled climate^ 9X% now in a similar 
predicament, there being no prospect for the development of 
their geographical relations. They are lying in a state of 
aridity and barrenness, which can only be accounted for by 
the total absence of forests and of vegetaUe humus. The 
Abruzsd, Calabria, Attica, and the Morea, bear melancholy 
evidence, that not only the soil, but also the inhabitants, of 
these woodless countries are marked with the signs of old age^ 

The powerfol influence which a productive 8oil,.engendered 
by the intervention of forests, exerts on the condition of 
countries and nations, is proved by the historical foct, tiiat 
the first communities were formed under the inciter of woodsy 
and that agricultural pursuits attaehed the nomadic tribes to 
the banks of rivers and to the valleys, where decayed leaves 
and vegetables, transformed into manure, had contributed to 
the creation of a fertile soil, and, m consequence, laid the 
foundation for villages, cities, and empires; whilst, on tiie 
other hand) the inhabitants of deserts and pampas are stifle 
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Sid w3l far ever remain, barbaromi and iiomadic» becavse ilke 
gioiiQd, bdmg destitnte of vegetable humus, presents to the 
flocd[8, instead of nourishing aod aromatic herbs, the withered 
Uadto of unpalatable grass. 

The bad effects of scarcity of wood upon all the domestic^ 
fuWc, and fiocial concerns of the people, are risible in manj 
woodless countries, sereral of whieh are so deficient in trees; 
tiiat the natWes are obliged to eat their food half cooked, as 
also to employ the excrements of cattle (and even they aire 
often hard to get) as a substitute for fuel. Thus the ii^al»^ 
taats of the Hebrides are compelled to undertake long jour^ 
neys, in order to procure materials for the cimstruction of 
pboghizig implements, thankful if, at home, they chance to 
pick up what serves for the handle of a spade. Thus 
Greenland was deserted by Danish colonies, because the sea 
ceased to cast ashore the only timber to which they could 
iiare access in stich a cold country ; and in the west^n parts 
of France, as also in England, the scarcity of wood imposes 
the sacrifice of many comforts. On the other hand, Sweden 
has deriyod, for the last 1000 years, its principal revenue from 
the mere sale of timber ; whilst England is obliged to spend 
bunense sums for the building and preservation of its fleets ; 
and Spain, which, owing -to its extent of sea-coast» and its 
abondaoice of harbours, was formerly in the undisputed pos- 
aession of the main <a claim to which nature seems to have 
entitled it), is now entirely blotted out from the list of naval 
powers. This, and a similar misfortune which presses equally 
lieavily upon Greece and Italy, justify the assertion, that 
acarcity of wood is an evil, affecting every kind of national 
tcansaetions, and by no means easily overcome; we are^ 
therefore, still of opinion, that forests have from the beginning 
exerted, Jtnd will never cease to exert, a powerful influence 
i^on the (manners and customs of nations, as also upon theiis, 
mode of living, their commerce, industry, and domestic con* 
oemsu Taking it, then, for granted, that the preceding dis-? 
cnssions have demonstrated the intimate connection between 
the great historical events of the human race and the exist- 
ence of forests; that mountain forests are politico-econo* 
mical elements worthy of particular attention and care ; and 



L 



260 • Dependence of the Geographical Belatiomi §t^ 

that they are as indispensable as the erection of dykes 
along rivers, channels, and pablic roads, as well as other 
measures intended to improve the physical condition of a 
country, and to adapt it to the necessities of the popnlafion ; 
that the countries possessing a sufficient expanse of forests 
combine well-attested advantages, are highly favourable to 
the health of the people, and fully equal to the gratification 
of all their wants ; that they are noted for their channing 
climate, abundance of water, fertility of the soil, as also for 
the number and variety of vegetable productions, -^taking 
aU this for granted, geographers ought to consider forests as 
an element exceedingly important, as regards the investigation 
of the physical condition of countries and the geographical 
relations of the population ; moreover, as regards inferring 
from the excess of forests the original state of some countries, 
and from their scarcity, the final state of others ; and, lastly, 
as regards the comparison of the results of these inquiries 
with the character of the population. 

The geographer who has neglected to pay due attention to 
this subject, is unable to give a faithful and accurate descrip- 
tion of the physical condition of countries, to compare the 
geographical relations of the people, both with the last and 
vrith one another, and thus to arrive at a system of solid geo- 
graphical knowledge. Forests may be considered in many 
points of view, which geographers have hitherto slightly 
treated. They form a basis for a general outline of the geo- 
graphical relations of continents, as well as of individual 
countries. On this basis, the geographer may build his sys- 
tem, derive from it his leading maxims, and be guided by it 
when treating of the development of the general relations 
of nations and countries. It is our most anxious desire that 
the above observations may draw the attention of geographers 
ibo this matter, which deserves, indeed, a more minute inves- 
tigation, as it tends to reduce geographical data to general 
principles, and to render the study of geography more and 
more interesting and instructive. 
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SuggesHonB for the better Ventilation of Sailing and Steam" 
Vessels. By Bobert Ritchie, Esq., F.R.S.S.A., &c., Civil- 
Engineer, Edinburgh.. (Commanicated by the Royal 
Scottish Society of Arts). 

(Concluded from page 182.) 

I could easily suggest other plans to attain the object, viz., 
a current determined to one point ; for instance, the use of 
hot- water-tube apparatus, in which case the foul-air-extract- 
ing-trunk could pass through a coil of pipes heated by the 
galley-fire, and of which there might be several so heated, or 
the hot-water pipes could be placed within the trunk itself to 
.raise the temperature of the air. See Richardson^s work, 
London, 1839. A very old plan used in buildings was to have 
the hot smoke-pipe encircled by a tube of larger diameter, the 
air passing upward between. 

The failure, however, of so many ingenious schemes, ex- 
tending over BO many years, for improving successfully the 
ventilation of ships, has tended very strongly to impress me 
with the idea, that any method to be extensively useful, espe- 
cially as regards sailing-vessels, must enter into the original 
construction of ships. And with this view I would suggest the 
introduction into timber and iron-built ships, of a thorough and 
efficient system of spontaneous or self-acting ventilation^ af^ 
fording at all times an ample supply of fresh air in every 
part of a ship» by means of a judicious arrangement of air- 
flues in the former, and pipes in the latter. In a large class 
of vessels now afloat, by application of the openings or inter- 
stices between the . timbers (presently in use for airing the 
iiame^work) where the plan of close timbers has not yet been 
adopted, a free circulation of air might be efiected at all times 
ia lower decks and cabins. As regards the airing of the frame- 
work itself, its importance has long been a point of much in- 
terest for tho preservation of the parts below the surface, 
though much difference of opinion among practical men is en- 
tertained on this point, one class advocating a free circulation of 
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air about the timbers, and another the exclusion of air.* ln\ 
oommunioation to the Royal Society of London in 1820, 
Sur Robert Sqppings, F.R.S., when giving suggestionB for 
new prinoiple of construction of ships for the mercantile nai 
he alhidesto the yoitilators of Dr Hales* and the utility of 
neral ventilation, but attaches importance to the exdanoa 
atmospheric air for the preservation of the frame-wofk, thi 
he was not inattentive to the value of admitting air to the h 
tenor of ships. Another view is taken of this subject in tlu 
able treatise on ship-building in the Encyclopaedia Bril 
mca^ where the suggestion is made that the preservation 
the timbers might be assisted by adopting the openings 
tween the timbers themselves for the purpose of circulating 
lur about them ; and it is stated that, in the year 1827» tlie 
author had proposed this plan to the Admiralty. This opinion 
strengthens the view I entertain of the practicability of cent- 
biningin a very simple way the general ventilation of the ship, 
with due attention to the ventilation of the frame-work. 

The defect at present in airing the frame, where the intei^ 
stices of timbers are made use of, arises from the difficulty of 
obtaining a current or circulation, from the inlet for the air 
being placed between dechsi, and no outlet being provided. 
But were it so contrived as to allow at all times a free current 
of extemid air by points of ingress and egress, the effect would 
^ be very different. It seems often overlooked, but there is no 
point more important to be attended to in spontaneous ventila- 
tion than that where openings are provided for the escape of im- 
pure air, others must also be provided for the supply of fr^sh 
air, and vice versa. It must not be forgotten that air, like 
other fluids, can only fill a given space, or, as one of the earliest 
writers remarks, ^' that tmless openings are properly adapted 
to suffer air to pass freely through, the external air proves a 
stopper to the internal, and only mixes with the next in con- 
tact.^ The same law which regulates the effect of currents in 



• Cbiptain Symmoxids, SnrreyoF^Geiieral ef Boek Tacds, his, va a muL^id 
mm ntAy fw lavnehiiig at Woolwieh, Qurrifid tlie timb«n 0OM itboat as hi^k ^ 
tlM lowar gun ptuFts. Mr Lang, who U luival an^tect for tba PrUi<Sf AJbarft, 
120 gang, now biuldiiig^ I am infonned, does not intend canying up the soUd 
firame nearly so high. 



SaUing amd SUam^Ve$seb. 268 

itortd cayeniB, and which has been attcceasfolly applied to 
e ventilation of mines, will apply with equal force hete. We 

niUnow that the air in a well remains stagnant and pent up; 

AH bat, aahas been remarked,* if two wells or shafts are sank 

f rf| at a given distance fnmi each other, and a horizontal passage 
eat from the bottom of one well to the other, so soon as the 
tximm>anioation is made, there will be a tendency in the air to 

i| descend one shaft and ascend the other, whenever the tempe- 
rature of the external air varied from that below. Applying 
the j^incifde to the general ventilation of ships, there is no- 
thing to prevent the converting of the open spaces between the 

III timbers or ribs, into fresh or fold air flues or conduits. One 
series of these being arranged to convey down pure air-* 
not to be taken from below, but from above the upper deck — ^to 
points of discharge at the floors of the gun and orlop decks^ 
oabin-floors, or wherever requisite, and another series of open- 

|| ings, entirely separated from tie firsts to commence at the 
beams or ceilings of these respective places, and pass upward 
above decks as high as convenient, for the escape of the foul or 
vitiated air. The points of ingress or egress for the air be- 
tween decks may be in the form of a horizontal slit covered 
with perforated sheet copper or zinc, to break the force of the 
current. The points of inlet and outlet for the air above 
deck might have their efiect increased, by having the orifices 
so arranged, that, while protected from the weather, the forr 
mer would open to, the latter from, the wind. A portion of 
Hie interstices of the timbers similarly arranged; communicat- 
ing directly with the open air, could be made to circulate fresh 
air for the timbers of the ship ; but the apertures for the 
ventilation requisite for crews and passengers, mnst have no 
communication with the former, so as to prevent the corrupt 
gasto Arom the bilge entering the latter. Inconveniences may 
be experi^Qced practically, in having the air openings as de- 
scribed, from the difficulty of constructing those on tiie upper 
deck so as to keep out the water ; but were the principle adopted 
and carried into practice, the skill and ingenuity of ship-builders 
would soon overcome any such .slight obstacles. Ventilation 
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oaimot be attained unless fresh air is admitted from above.* 
When air is made to enter the openings between the timbers 
below the hatches^ as is now done, it must be useless when the 
latter are put on, as must be obvious to the most cnrsoiy 
observer. Admit, however, the external air, as proposed, and 
whether hatches were secured down, or side-ports closed, in 
whatever state of weather, there would be pure air conveyed 
to the inmates below ; and although in some cases this mode 
of ventilation might be imperfect, yet it possesses the advan- 
tage of being always in operation, requiring neither attention 
nor labour, nor incurring expense. To make it more com- 
plete in winter, the external air openings would require to be 
provided with means for regulation. 

Were it necessary to attain a greater certainty of perfect ven- 
tilation, at all times and in all climates, recourse may then be 
had for increasing the circulation to the plan I have alluded 
to, of artificial suction by heat ; and instead of allowing the 
foul air to escape upwards from the tubes or pipes, the air 
might be collected from these into one horizontal trunk, and 
conveyed to the galley. 

In iron-built ships, and in all vessels where there are no in- 
terstices between the timbers or ribs, or where these cannot 
be made use of, iron, copper, lead, or zinc pipes may be sub- 
stituted instead. Nor would the space these occupy form any 
obstruction or ground of objection, as the air-pipes could be 
made fiat or square, keeping the line of the inner wall of the 
ship. By some such simple arrangements as these, I can hard- 
ly doubt very considerable improvements would be effected 
generally in the ventilation of ships, and the obstacles to the 
permanent use of any machine, however perfect, in sailing ves- 
sels, must make the view I here take of it more important. It 
can, however, only be brought about by shipowners and others 
giving encouragement to the combination or incorporation 
of ventilating arrangements with the construction of shipS) 

^ i' II - - I - - _ _ _rir -i r - -II r r i i i i . - t t~~^ 

* The advantage of conyejing air directly downwards from the upper decl^ 
.has been recently ftilly established in the Apollo Troop Ship from China (on^ 
one or two other instances), whose merely small openings at the gonwales, with 
lids to shut down in wet weather, are made use of. How easily might this prin- 
ciple be extended, and rendered most efficient, «i above described ! 
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such as have m a similar way been successfully done in 
domestic and public buildings. (See observations by me on 
this subject, Arch. Mag., July 18370 

I do not wish, however, to be understood as inferring that 
even any such mode of spontaneous ventilation as could be in* 
corporated with the framework of ships, would prove at all 
times sufficient for the ventilation of an overcrowded vessel. 
The immense deterioration of atmospheric air, by 600 to 800 
persons crowded into a small space, where the cubical contents 
bear no proportion to the cubic feet of air required for each 
person (10 cubic feet being considered as requisite per minute 
to afford a wholesome atmosphere), renders such arrangement 
next to hopeless without mechanical agency. So long as ves* 
8els are overcrowded, hardly any plan can be devised which can 
afford an adequate supply of fresh air to lower-decks during 
night ; all that can be done, without artificial means, is to 
prevent positive injury to health, by affording a constant and 
uniform supply of fresh air below decks at all times, which 
Barely is deserving of the most serious consideration. 

In^ very crowded ships, such as troopnships and others, 
whether any arrangements, such as alluded to, are provided or 
not, the wind-fan, as improved, could be advantageously made 
use of. Two or more of these machines, worked by hand, 
would speedily renovate the air of a lower deck, by means of 
flexible pipes communicating with different parts of the vessel ; 
in emigrant ships, the passengers would, doubtless, very gladly 
work these machines for the sake of fresh air ia "warm lati- 
tudes. 

Another ventilator could likewise be advantageously applied 
in many cases in sailing ships, namely, an exhausting pump, with 
a hose or pipe, on the principle of pumping out the foul air, 
or a condensing or force-pump to throw in atmospheric air, 
worked like the pump of a ship or fire-engine. One of the 
earliest recommendations of a pump for ventilating purposes 
noticed, is by Dr Desagulier. He mentions in his Experi- 
mental Phil.i that, in the year 1727. he brought before the 
Royal Society an attempt to shew how damps or foul air 
may be drawn out of every sort of mine by an engine wbich he 
contrived. " The engine consists of a triple crank with three 
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sels, must make the view I here take of - 
can, however, only be brought about bv 
giving encouragement to tiiv , ." 
of ventilating arrangements 
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panifMi) which both sack out and force in air hf. memtti of thlwe^ 
ngidators, and are alternately applied to dime air into, ot 
draw it out from, any place assigned, thuough square woodea 
ttaUks which, being made of sUt deal, and ten inches wide in- 
ride, are easily portable, and joined to one another withoot 
ttfoublci"^ I^ D* illustrates bis descriptioa With notices of se^ 
¥toil 0xt>etimeDts. At every stroke, eleven cubic feeit of aii^ was^ 
diiven in, or as many Sucked out ; if the axis of the etontet 
tarn sixty times in d minute, one man in that time might ehange 
a whole cubic space of eight feet ; and by his estimate^ a 
man breathes a gallon, about 287 cubic inches, of air per minute, 
and • candie, «x iiv th« pound, wiU bum nearly a» long ia tha 
swBe qaant»ty. This agi«e» with modem oalcmiation^, ait the 
lowest estimate-^00 cubic inches are contaminated by a man 
per minute^ although Tredgold and others take the quantilry 
at 800 cubic inches, and a single candle alone at 300 cubic 
iilches. These facts go for to prove the necessity c^ v^itilatimi ; 
aikd in experiments made on board ships' lower decks (PhUi?^ 
sophical Transactions, vol. 47), it is stated tiiat a eailLdla. 
burned 67 grains in thirty minutes, where there had been no 
yentikktion for twenty-four hours ; after six hours'* ventilatioit, 
it- burned 94^ grains in the same time. Combustion could 
b^rdy be maintained in the former atmosphere. 

If the utility and eouvemence of Dr Desaginlier^s haind* 
patops reiblized the description given of them, they might stitf 
b^ ustsMly employed in the ventilation of the lower parts of 
shipil. Many, other mechanical contrivances might be noticed. 
For instance, the double air force-pump, worked by two or 
fkir men, on the principle now in use for diving-bdls, whteh 
is worked by a lever, upon a standard, on the plan dT Df 
Hales^ ventilator. Triewald^'s ventilator (page 383) was "pr^" 
hfMy on this principle. It may also be noticed here that tii# 
suooess which attends forcing down air, into mines, by mesas 
of a fell of water, points out how the foul air, which aceumi^ 
lates in the well of a ship, might in a great measuro be ifi»- 
charged by letting down to and pumping out fresh wattt 
from the well. As the use^ however, of mechanical ventilators 
has been gweraHy, and still may be, even when they are re- 

— ^i^ ■ ■ ■■ ■ 1 ■ . ■ . ■ - ■■■■■»■ i ^ m^mm^^mmm 

• Th« michine was cheaply made— the pumps of copper, and crank of iron. 
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HKrted t<% itf tcrmporasjr Auaiioii in Bailing vessel0» no do^U^ 
AkSfy from the want of a motive power^ my object in di- 
nctmg att^^tion to a thorough system of spontaneoiiA ventUar 
tion has been to shew that in my opinion it is most likelyi iS 
^feoperiy adiieved, to be permanently useful. * 

la steam-ships, however, there can exist no obstacle to the 
flsp^ng of noxious air mechanically, or the application of a 
perfect system of mechanical or artificial ventilation, nor can 
tiiere be any reason why they should not be properly venr 
-tihited. ITet I question much if any where an efficient system 
has been intcodoced. I have, indeed, observed of late years 
an attempt to introdnce ventilation into the cabins of a few 
Aleamers by providing smaU iron pipes from the ceilings, pass- 
XBg upwards through the deck ; but, unaccompanied as these 
SBually are, with fresh air inlet& from above, they cannot prove 
^Scient, and only tend, perha{>s, to create annoyance ; however, 
the introduction of these acknowledses the necessity for ventila*- 
tion being provided. 

' In the common arrangement of steam-ships conveying paa- 
iMigevSy the sleeping berths enter from the saloon or main 
tabioi ; hence it may be said that eating, drinking, and sleep* 
ing go on in the same apartment. The atmosphere from such 
causes soon becomes noxious, which is generally farther in- 
creased by what Mr Dickens, in his American Notes, so 
stroi^y condemns, the red-hot sulphurous stove, the in« 
convenience of which is increased by passengers crowding 
lomid it. No wcmder the air in such cabins and saloons 
ift sickeBiag and unpleasant for respiration. During the 
day, if the weather be fine and hatches open, matters may 
go on pretty well ; but in bad weather, or during the. night,. 
tl» ease is very different If proper air conduits or pipes 
W«ee provided to bring down an ample supply o( fresh ak 
firoBQ above, distributed at tibe floors or decks of every cabia 
lutdc^ping berth ; and from tbeceilingsof tberespective cabins, 
or vacant spaces between the beams, branch-pipes conveyed 
the vitiated air to one large trunk, which might be made 
with proper precaution to con:^municate with the chimney 

♦ ♦ See **On conducting air by forced Tentflation,** &c. by the Marqtd»«f Ciu^ 
bannes, London, 1818, and remarks on ditto, by J. Amot.' 
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&e engine-boilers, or pass throagh a steam-cbest, or en- 
circle the steam-pipe, — a constant renewal of the entire 
air between decks would, go on. The current might be 
checked and regulated by valves, working in a very simple 
manner, before entering the chimney. In winter, the com-: 
fort of the passengers might be materially increased were 
the air warmed before being discharged into the cabins, — cold 
offensive currents would thus be avoided. It is singular that 
the same idea had occurred to Buchanan, when he wrote, in 
1810, on heating by steam. '* It is worthy of the conside- 
ration,'^ he says, '^ of those acquainted with nautical affairs, 
how far it is applicable to ships, particularly to men-of-war." 
There is generally in steamers very little spare steam ; but 
a very small portion would be requisite to warm the cabins ; 
or hot water could be even more effectively employed. In 
this case, the external air, before entering the cabins, might 
pass through boxes or cases filled with iron or copper pipes 
heated with hot water or spare steam from the boiler ; or the 
air itself might pass through the interstices of iron cases simi- 
larly heated, and then enter into the cabins through numerous 
small apertures. Thus warmth and the supply of fresh air 
could in winter be combined. 

I have alluded to the wind-fan having been made use of to 
supply fresh air or cool the fiimace-room, the power being 
taken from the paddle-shaft. The fan admits of easy exten* 
fiion to the general ventilation of the steamer.* 

In some recent instances, ventilators, on the principle of 
the Archimedian screw, have been tried for this purpose. Ven- 
tilators or revolving fans, on this plan which I have seen, are 
stated to have long been in use in factories. In an extensive flax- 
mill in Yorkshire, a very powerful fan on the principle of the 
screw propeller, driven by steam power, has been most suc^ 
oessfidly adopted, and the plan there in use for imparting mois« 

* In September 1842, a patent was granted to Robert Hazard, of Clifton, near 
Bristol, for improvementB in ventilating carriages and cabins of steam-boats. He 
proposed to remove the vitiated air within a carriage by means of a fanner fixed 
at a convenient place, and set in motion by the revolution of the wheel, or by other 
motive power. He does not specify how he intended to apply his fans to cabins, 
but as regaids the application to the latter, there is little scope for novelty. — J2^. 
iSfoc. of Artt, May 1843. 
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tare to the air, is highly deserving of general application, and 
ought never to be overlooked in ventilating arrangements. 

The importance of keeping the furnace-room cool is of 
great consequence, especially in warm climates, as the heat 
is injurious to the health, — the cold air rushing to the furnace, 
falls like lead on the heads of the stokers. To remedy the 
over-heating, though it cannot prevent the draught, a plan, 
proposed by Mr Holdsworth of Dartmouth, has recently been 
tried in the Victoria and Albert, Royal Steam Packet, of hav- 
ing the bulkheads of two plates of sheet iron, and a stream of 
cold water kept constantly flowing between. 

Another plan of ventilating, suitable for steam-ships, 
which the small space it occupies recommends, is the very in- 
genious method adopted by Mr Oldham at the Bank of Eng- 
land, of forcing in fresh air, by an air-condensing pump, 
through the interstices of iron cases heated by steam, the 
power being taken from the steam-engine, as described in the 
Civil Engineer's Journal, March 1839. This plan gives both 
fresh air and a modification of its temperature. 

Mr Taylor^s plan, described in the Transactions of the So- 
ciety of Arts, London, 1810, of pumping out impure air from 
mines by an air-exhausting cylinder, likewise admits of ap- 
plication to steam-vessels. Mr Taylor's engine discharged 
more than 200 gallons of air per minute.* The idea of a mo- 
tive power to work Tcntilators is of very old standing. A 
plan is given in the Phil. Trans. 1758, of using the fire-en- 
gines at mines for this purpose, t Various other suggestions 
might be made to apply ventilation to steam-ships — even the 
suction from the motion of the paddle-wheels might be made 
subservient to this purpose ; but it is superfluous to say more 
on what admits of so many ways of attainment. 

It is unquestionable, that the same share of attention has 

* Mr Taylor's plan consisted in attaching a pump of simple construction to a 
small fall of water of about 12 feet. Steam-power could be substituted for water. 

t It was first proposed by Erasmus King, to have ventilators worked by the 
fire-engines of mines ; and Mr Fitzgerald, in 1758 (see Phil. Trans.), sug- 
gested an improved method of doing so. I have alluded to the similarity of 
mine-ventilation with that of ships ; thus, by having a series of flexible pipes con- 
nected with a wind-engine, or an air-pump attached to the steam-engine, im- 
mense supplies of air might be driven in, or drawn out, where required. 
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not been paid to the advaneement of ventilation, as to otk^^ 
branches of the arts and sciences. A wide field is ther^for^ 
open for improvements* But to be successful, these things 
must not foe left to chance ; they must form part of the con- 
struction of ships and steamers, and the naval architeot and 
ventilator, as has been well observed by Dr Reid, *' must 'woft 
together." \ 

While undue currents of cold air must be avoided--^which 
are often troublesome, and must be injurious — ^ventilation, to 
foe perfect, should be so arranged as to admit of being in- 
creased or diminished, according to the number of inmaSles. la 
our climate, in steamers, whether in coasting or long voyages, 
it would be of importance to have the power of raising the 
temperature of fresh air before admission to cabins ; merely 
giving it, however, that slight degree of warmth that will not 
be injurious to its hygrometric condition. This would in- 
sui^e a larger volume of air being admitted. The plan is so 
easily attainable, that it might lead to the dispensing, in 4 
great measure, with close arid stoves, so detrimental to the 
health in confined situations. It is remarked, that even Celsus, 
atmongst the ancients, recommended large rooms for the siek« 
or a fire in the ehimney to draw ^ff bad air. Where ftteheat 
is made isse of in cabins, it ought, if possible, to be in open 
fire grates. An ample exposition of the injurious effects of 
dose stoves will be found in the Architectural Magazine, May' 
1838, p. 231, by Julius Jeflfreys, Esq. 

It is important for nautical men to know the great value of 
fire^heat as a {purifier of the air of lower deeks and close 
places, in the estimation of many of the most experienced na* 
vigators and naval commanders : Cooke and Nelson may be 
named.* How conspicuously the importance of sanatory regu- 
lations were illustrated in the remarkable voyage in 1773-75, 
of Captain Cook, who» during three years, out of 118 p e r s o n s 
on board, lost four, and of these only one by sickness, t We 
have likewise several similar examples in the arctic tAA 

' • An exceUent paper on thid subject, written nearly a feentory back, will be 
fottnd in the Gent. MngaKine, on the method of Ptreserving the Health of Sdi- 
men in long cntlzes and voyages, where ventilation and fumigation are strongly 
enlbroed. Vol. Tvii., 1747-8. 
t Naval History 1773, p. S49. 
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ntarettfi voyag^^. See Expeditions of 1821, 1824, «iid;l8tar 
ones, where tbe advantages of warmth, combmed with ▼eniilar 
turn, are clearly shewn. 

A very simple contrivance might be found useful for purify- 
ing lower flecks when unoccupied : a grate, formed like a cir«- 
eolar basket, hung in gimbals, which, like a pendulum, has its 
point of rest in the perpendicular. 

The yalue of lime and vinegar washings and fumigations 
in destroying the bad eflPects of impure air, did not escape the 
older philosophers.* The knowledge of these facts wa3 of 
vast titility in the days of Howard. Professor Daniel, apd 
other chemists, have, in these times, recommended the use of 
cUorine gas and chloride of lime for a similar pnrpps#. Jn 
combination with ventilating arran^^ements in ship9^ the yalue 
of such antidotes — especially where sickness prevails — should 
not be overlooked. 

If we turn to the graphic pages of Sm^ett, we may at 
OHce perceive, by contrasting his description of a man-of-war 
with the inspection of one now-a-days, what great improve- 
ments have been made. But still, much is yet to bje doo^in 
^ip-v)entilation generally thiroiighout the world. Tbe mTj 
being inyisible, deceives many a one, leading us to consider 
it pure, while it miay be stagnant and corrupt ; hence Hie ne- 
cessity of impressing the admission of fresh air at all time$, as 
we do light ; and the absurd idea cannot be too soon ex- 
ploded, of people enclosing themselves in an lur-tight b(^ w 
oabin. . With improved meaes of ventilatioci of ships toA 
ateamers, ike energies of all on board will be promoted. By in- 



* I)r Stephen Hales made many experunents rocoirded Ia Iub ,StatiC9l ^SflM^ 
iKmdon, 1731, vol. i, with a view to dear tt^e .air from noxious yppoariB. ^0 
fonQd notiiiii^ bo .efficacious as a, solution of pq^aa^i. He says, P4g&^07j ** Sal Tiur- 
tar shoiild be .the best preservation against noxious vapours, as being a stron|{[ 
imbiber (yf sulphurous acid and watery vapour, as is also sea-salt." A solution of 
caustic idkali Will tlike up fixed air as fast as it is produced. 

Tkd rajud absorption of ammonia by water, and the avidity Of fresh lime 
f«ir <6albome-aeid, point out the utility of water, with lime recently dissolved In 
itj far nanta^liMTig the^BfiEficts of impure air^ either by ^tiMiMw of fiwqaeat fj es h 
lime-washings, or exposing, in shallow vessels, froquently . stirred} 8oluti0n« ^ 
fresh lime, ^n fltctories, the sulphate of lime or gypsum is In {genenJ use. f^r 
the absorption of ammonia, or removing the spM^U of the |ioll^l|Mif . 
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haling pure air during night as well as day, in cold or warm 
climates, increased longevity will be attained, and, at all 
events, the general comfort improved; and as Britain has 
outstripped most nations in the application of steam-power to 
useful purposes, why should she not take the lead in culti- 
vating those arts which the physiologist has proved to be essen- 
tial to the advancement of the physical condition of mankind? 



Contributions towards Establishing the General Character of 
the Fossil Plants of the genus Sigillaria. By William Kino, 
Esq., Curator of the Museum of the Natural History So- 
ciety of Northumberland, Durham, and Newcastle-upon- 
Tyne. With two Plates. (Communicated by the Author.) 

(Continued from page 21.) 

A consideration of the ribs and furrows of Sigillaria will now engage 
our attention. From these characters, Lindley and Hutton appear to 
think, that the plants of this genus are allied to Cactidos and EuphorbidUem 
To these families^ it is said, they seem to approach, particularly in their 
toft texture, in their deeply channelled stems, and especially in their 
tears being placed in perpendicular rows between the furrows.* Brong- 
niort also refers to the resemblance between the external charactera 
of the latter plants and those of Sigillaria. From what is stated when 
speaking of the internal structure of certain Cactuses, it may be inferred^ 
that he supposes their ribs and furrows to be, in a measure, due to the 
same characters observable on the external surfSoce of their ligneous 
cylinder, t I mention this to ward off the notion that the ribs and fur^ 
rows of Sigillaria arise from the same cause, judging from iS. d€g€au^ ' 
because in this species the ligneous cylinder has no appearance of being 
externally fluted. 

Brongniart, in his general observations on Sigillariat makes a slight 
allusion to the resemblance between the longitudinal ribs of S, SUlimani 
and S, contraetaf and those of some arborescent ferns. { Having had no 
opportunity of studying the latter, I have been compelled to examine 
more accessible plants, with the view of ascertaining if the like character 
occurs on any of their stems. Hitherto I have met with the most 
success among the Conifers. The surface of young shoots of the larch 
(LarisB EuropcBa)^ and the spruce (Abiet exeelsa), are irregularly ribbed and 

• " FomU Flora," vol. i. p. 165. 

t " Archival du Mnauem d'Histolre Naturelle/' tom« i. pp. 442, 443. 1839. 

I " Hittoire des Vagetaux FosBlles," tome i. p. 4a3. 
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fiinowed, moire w less in a longitudinal direction--^ peculiarity which ia 
produced by the elongation and^arrangement of the leaf-bases. This is 
particularly obvious in a specimen of the larch, of which a sketch 4 
Hitle above the natural size is given in fig. 1 (PI. IV.) In this specimen, 
the leaf-bases a, a are connected with each other by threads of cuticle (h) ; 
by this means a number of such connected leaf-bases forms, as it were, a 
linear series, which, when traced for any distance on the surface of the 
stem, will be found to coil round its axis in spirals, whose volutions are 
very much apart. The direction of the spirals thus traceable is, in this 
instance, to the left;, that is, when looking upon them ; but this does 
not appear to be constant, for in some specimens of the same plant at 
present before me, the spirals run in the opposite direction ; irregulari-* 
ties of growth obviously induce this difference. From an examination 
of a number of specimens, I do not, however, hesitate to say, that the 
general direction of these spirals is to the left.* 

I am not aware that the manner in which I have shewn the leaf-bases 
to be connected with each other has been mentioned by botanists— even 
by those who have written on the spiral arrangement of the leaves, and 
other appendages of the stem, or other axes. Can it be, that in each 
linear series or spiral, we have the course which the constituent vessels 
of a single system of leaves fall into, as they are developed, and as they 
strike off from the medullary sheath ? 

Were it not that the threads of cuticle connect the leaf-bases toge- 
ther^ the species of larch which is figured would present a striking 
analogy to SigUlaria, as respects the ribs and furrows. Another Ck>ni- 
ferous species, hereafter to be noticed, offers a still closer agreement. 

As bearing on the subject under consideration, it may be mentioned, 
that^ in Lepidodendron^ the lozenges or leaf-bases, which give such a re- 
markable appearance to this fossil, are resolvable into spirals, whose 
volutions may occasionally be traced by the same means as I have pointed 
out in the case of the larch. In the outline given in figure 2 (PL IV.), 
two sets of spirals, corresponding to the leaf-bases a, a, and 5, h may 
be traced^ either of which might be taken for the true one, because of the 
absence of connecting threads of cuticle, t In the other specimen (Fig. 3, 
PL v.), however, we have not this difficulty to contend against, for the 

* The volution of such spirals on the stems of Conifer<e, appears to follow the 
same direction as that of the spiral fibres in vascular tissue. According to Mohl, 
these fibres are in general wound to the right, that is, their volutions are such, 
that, to an observer placed in the axis of the cylinder around which the fibres 
rise, the spiral mounts from left to right. — Vide a paper by Mohl on the struc- 
tare of annular vessels, translated in the " Annals of Natural History/' vol. viii. 

t This specimen exhibits, in a Very decided manner, the axillary buds men- 
tioned in a former part of this paper. I have given an enlarged outline of a 
lozenge in figure 2 x, in which the prominence a represents the axillary bud : the 
other parts of this lozenge I hope to be able to explain in a paper which I 
intend to publish on Lepidodendron, 
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«Diittectiii|^ tlffeftds of cntiele «re rvmwfkMj durtmct : we axe ihos eiuMtd 
to4nu;e the spiittl of ibis- Bpedmen in the direction of the leaf-baeee «, ^^ 
Giiifled bjT 4hi« ciieuaMtanoe, and nolwithBtanding the obvioua eon* 
neetion existing between the leal^basee 6, b, in the apedmen repveeented 
in figoie 2, 1 am inclined to tiiink that the 4^iral of this L^piSodenAnm 
eoilt in the direction of the leaf-bates «, a. I aam etnmgly eupported in 
tUs view, from having ebierred on aeyeral epecimens, that tlM locenge^ 
oomBpondiflg to the one marked e of the ai^oining spiral on the 'left, k 
below that marked d of the spiral on the right, and not the convene 
(ride €,/), as would be tiie case were the spiral to take in the loienges 
hy 6. This will be understood by a reference to the speeimen repre* 
scnted in figure 4 (PI. IV.)) on whieh, though there are no tiireads4]^ 
cvtiole 'risible, it is quite clear tiie spiral cannot have run in suoj other 
direction than in tiiat of the loaenges a, a x, because the i^eoc of that 
which is marked a, is above tte inferior part of those marked h'toA t. 
We are thus enabled to see that the intervening lozenges b aad e, are 
situated relatively to each other as just observed. By attending to tfau 
eizeumstance, I have been enabled to trace the direction of the^q^inl 
ia specimens which o£fered no otiier means of deotding this points in 
figure 3, the lozenges (6, c, d, snd e) of four spirals come in between 
the lozenges (a, a) bek»ging to tiie spiral which unites those last paiv 
ticularised : this is certainly an extreme case^ and is evidently due te cm 
unusual longitudinal development ; this is proved by what is 'exhibited 
in tifee specimen gi^n in figure 2, which bta not incensed so fnucfa In 
this directkin, and which exhibits two lozenges ^ and h^ in addili0tt to 
the ordinary numfoer, approximating to the relative positi^m of those 
maikftd d aaid'tf in figure 8. 

•Ha\ing shewn a.Besemblanoe between the irregular ribs en eome «»• 
eent Chni/era, and the more decided instances of this eharaeter sohighiy 
dhffBCteostic of BigiUaria^ I will^ in the next place, endeavour to asoer- 
-^in bow far the cauae of those on the former oaii>acGouni for ^e prodoe- 
tioo -of their analo(gues on the latter. With this view, a representatkA 
is given in figure d (PI. IV. )^ twice their Jiatural size, of the leaf-^basss 
of thAt beautiful Nepaul pine-^4M» WMiana^A^xm indiviiiual of which 
is bow growing on the grounds of Sir Charles Monck of Belsay« By 
fo ll ow i ng the leaf-bases a, a, through the connecting threads of cuticle hf 6, 
ii will be seen that the spiral runs to the left> and that its volutions are 
extremely remote from each other. But the most important feature on 
this speeimen, is the very decided way in which it is ribbed, so much so, 
As^ appear like a miniature SigtUaria. On tiie larch, the leaf-bases 
are eonnected with each other by meims of threads of cuticle, which in 

• Aoeording to this view, scales 1, 14, 27, 40, and 63, dn Pi^oftssor Hfio4o«> 
figore'Of the spruce cone, follow the course of what nay he tenned the irw *pir§X, 
•^ Vide ** Descriptive and Physiologifal Botrnj," fig. 137,. p. 127 in littdusr's Qf" 
dopedia. 
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. giMtil jure Tevjr diaiiikcty and the lower part of t^e \eB&Amm «f ^vm 
^bbbX is rarely -carried over more thaa the right half of the supevior wum>' 
giB of the leaf-base belonging to the spiral immediatelj to the kit ; faitft^ 
IB th^ example under eonsideratioo, Mtf %nferu>r part of ime U^f-kom u 
(fim MOirfy carried over the whole pf the ivperiar margin cf another, and 'hotk 
kne btcame io doeely united, that the hnee o/junetian are, in many intkmet$^ 
Mfliiy MUetaUd^ As regards the threads of cuticle^ they aro, Sn majqgr 
{daoe^, cenfiue/nt with the leaf-baies on the l^t^ and their connection wiih ihem 
pt^t thai iffy when thep unite two dijfereni ribs, is often broken in their pajnoffB. 
amut ihefvkinpowe. These circumstances^ it is evident, have given rise to-ths 
decided form which the ribs of this plant have assumed. Further, thegr 
tbrow -eoBsiderable light, in mj opinion, on the cause of the ribbed ap* 
peinnoe <of SigiUaria; for if the leaves of this fossil are resolvable into- 
quals •similar to those which have been traced on Coniferai and Lepid^. 
dMdra> then nothing more is neeessary for the production of its ribt# 
tfaaa the completion of what is only partially effected in Abiee Welibiana* 
Now, let 118^ in the first p]ace> endeavour to ascertain if such a spiral, 
ana^geaient of the leaves has obtained on the stems of Sigmaria^, 
Od the specimen outlined in figure 6 (PI. y.)> the leaf-soars, althoi^ 
unoged in loBgitudinal series, nevertheless agree with the loeeDges •f 
UpiMmdron, and the leaf-bases of Conif&nR, in following a spiral. coursB. 
Jii4giiig of the means by which the direction of ihe spinal : has beeft 
tmced in these plants, the inquiry auggests itself, as to whether any-qpe* 
cuBsns of SigOlaria shew appearances of threads of eulacle. As 7et>' 
I have not <^6rved any positive evidence of their occurreuee on any of 
the examples which have come under my notice. In the absence of this 
kind of evidence, our next way of proceeding will be, to see if the leaf- 
ttsn of one rib may be connected with those of another, so as to luia> 
OMnuze with the results that have already been c^btaiaed as vegards 
otker plants. In>oon8e<|iieBee of the leaf-base e x, being Ixdow the kaf* 
•ear (, it is manifestly impossible tliat they oan be a contitittation /of 
eashotiier, or pertain to one series; they are precisely in the case .of - 
the lozenges a and b on the specimen of Lepidodendron, represented ill- 
%aze 4, which >9a«iges, it will be perceived, were ^»wn to belong ta 
tiro distinct spirals ; but there is no difficulty in the way of the leaf* 
hues lettered b x, being consecutive to each other. Byassumiiag timt 
the latter are m the directiou of a spiral, it will be seen that we have 
exactly the coimterpart of what prevails in Lepidodendron, when tfav 
■terns of this fbsMi tiave not ttndei*gone any unusual development all 
the direction of their as^s, vizw, two leaf-bases (e x and a x) 6t tiro 
■IMtals interveooe those {b -x and b x) which belong to the spiial, whose 
course has been assumed, ^d, confitdng ourselves to the former, the left. 
one is lower than that on the right. Further, let us, in the second place, 
endeavour to ascertain how ftir the circumstances which bave produced 
thdxibs (^ Abies Webbiana, have contributed to form the like cbaMuyler 
on Sigillaria. Referring to the figure of the Nepaul pine, it will beeees. 
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in consequence of the junction of the threads of cuticle with the leaf* 
bases, the ribs (1, 2, and 3) have been increased in width, — a circumstance 
which throws the leaf-scars ax, ax oyer to the left side. An exami- 
nation of the figure of SigiUaria brings to view the same characteri that 
is> the leaf-scars, instead of running up the median line of the ribs, are 
placed on the left side. This does not appear to prevail to any extent : 
nevertheless^ I have observed it on other specimens, and Mr Hntton 
possesses one which shews it very decidedly. Between this last and 
Ahiei Webbiana, the similarity in this respect is such, as to prevent the 
adoption of any other conclusion than that which refers this character 
on both plants to one and the same cause. 

It has already been remarked, that I have not succeeded in tracing 
any threads of cuticle on Sigillaria, It is necessary to mention^ how- 
ever, that, on the specimen which is figured, there are appearances of 
commissural lines between some of the leaf-scars and the immediate 
superimposed leaf-bases ; these are represented running obliquely from 
the apex of some of the leaf-scars into the furrows on the left. Whether 
these lines are such as they appear, I am not prepared to answer in the 
affirmative. Their direction and position are certainly very much in fa- 
vour of this being the case, as will be seen by referring to the restoration 
(in dotted lines) which has been attempted of the leaf-bases and threads 
of cuticle : the latter, it will be perceived, conform completely with the 
direction and position of the supposed commissural lines. If we com- 
pare the leaf-bases and threads of cuticle thus restored with the corres- 
ponding parts of Abies Webbiana, their resemblance to each other will 
appear exceedingly striking. 

Thus the circumstances just mentioned connected with Sigillaria, go 
far towards shewing that its leaves are resolvable into spirals, which 
agree with those of Coni/ercB and Lepidodendra, Associating this with 
the way in which it has been shewn that the rude ribs of some Conifers 
have been formed, we are necessarily led to conclude that the same but 

more regular character of Sigillaria has been similarly produced, the 

difference as regards the latter parts in the fossil being due to the com- 
plete confluence of all the leaf-bases and other parts which belong to a 
rib, or, the contrary, as generally obtains in Coni/eng* But, lest it 
should be maintained that the absence of threads of cuticle on Sigillaria^ 
and the rare occurrence of these parts uniting with the leaf-bases on re- 
cent Coni/ercBy render this conclusion inadmissible as far as the former 
plant is concerned ; it may be stated that the solitary case which has 
been cited, of threads of cuticle occurring on Lepidodendron, opposed as 
it is by hundreds of specimens in which nothing of the kind is to be found, 
nevertheless proves that the threads of cuticle have all but universally 



• The remarkable perpendicularity of the ribs of SigiUaria, according to this 
view, will have resulted from the leaves of one spiral being completely superim- 
posed to those of the spiral which coils immediately beneath. 
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grown into the lozenges of this genus. Considering this, and associat- 
ing it with what has been afforded bj the larch and the Nepaul pine, 
it appears to me, that the view which has been advanced is supported 
by the strongest analogical evidences^ and, of course, is so isx placed 
beyond being a mere hypothesis. 

Brongniart, in his '* Vegetaux Fossiles/' sajs^ the width of the ribs of 
Sigillaria generally remains the same, not only on various parts of the 
same stem^ but on the various individuals of the same species.* The 
three North Biddick specimens^ however, strongly oppose the general 
applieation of this view, inasmuch as their ribs are clearly seen de- 
creasing in width in the ascending direction, so much so, that they are 
three inches wide at the base of one of the specimens, and under an 
inch at its apex. This great disparity is confined to the stem ; but, it 
must not be forgot^ that there are evidences of these specimens having 
been furnished with branches. Now, as a considerable decrease in the 
width of the ribs obtains on the stem, it seems but reasonable to con- 
clude, that a still further diminution would be continued into the 
branches, — that^ in short, there would be exhibited on the latter all the 
characters of the so-called genus Favularia. For my part, I have little 
or no doubt that this was the case, and I am strongly persuaded in its 
favour^ from having procured from a small space in one of the pits of 
this neighbourhood, a great number of specimens uniting Sigillaria reni- 
formis with Favularia iessellata (?). But, if further evidence be required 
to destroy the general bearing of Brongniart's view, it is undoubtedly 
afforded by the highly interesting specimen represented in Plate 15 of 
Artis' " Antediluvian Phytology," 

The specimens just referred to as having been obtained from this dis- 
trict, require some further notice, on account of their uniting such, dis- 
similar forms as those which have been named. K this be the case^ 
it follows, as a matter of course, that a number of species of Sigillaria 
will fall to the ground. In saying that these specimens unite S, reni/or'- 
mis and Favularia tessellata (?), it is to be understood, that I am fully per- 
suaded such specimens belong to the same species, and even to the same 
individuals. This is strongly corroborated by the following fact : — On 
all the specimens, the size and form of the leaf-scars are much about the 
same ; but there is a remarkable variation in the width of the ribs, — a 
variation which has been produced, not by the whole rib being thus al- 
tered^ but merely those parts which are lateral to the leaf-scars. How 
are we to account for this fact ? Simply, I would suggest, on the sup« 
position that the attachment of the leaves to the median line of the ribs 
has checked the horizontal extension of this part, while the furrows and 
the lateral parts of the ribs were allowed to augment in this direction, in- 
proportion to the development of the stem. Guided by this supposition^ 

# " Vegetaux Fossiles,'' Tome 1, p. 395. Brongniart certainly makes excep- 
tions of dichotomous specimens ; but the North Biddick fosBils have undoubt- 
edly been branched. The exceptions, therefore, cease to be such. 
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^ ribs oC the flpecimen of StgiUaria Umri^Mf, figmd m Vlktmim of the 
** Yegetanx Fostiles," may be eoneidered to hare been ai one time bo 
mder than tlto leaf-score or bases, which form so prominent a featare ia 
Aa igtB«i and at the same time display so obviously all th&t is required 
to confirm the above supposition. The same may be said of 8, remfoar*- 
mi$ (Plate 142), 8, Folleriana (PI. 165 ?), and a number of other wide- 
ribbed examplefl which Brongniart has figured. Artis' Ihqikorhiiei vuJU 
e^ris, shews not only the lateral parts of the ribs and the furrows to 
banner tBoreased considerably ia the horizontal direclion, but also &# 
median line of the ribs, as is manifest by the vascular scara being very 
sride apart at the base of the stem. This increase of Hie median fine of 
Ae ribsy it may be supposed^ has taken plaee subsequently to the faSiB^ 
aff of the leaves. 

This appears a fitdng moment to revert to the previously mentk»ed 
•amarkable character^ which is displayed on one of the North BidtMd 
speoimens* When describing Hiis fossil, it will be recollected thatmeii>- 
rion was made of the median part of the ribs on a certain place, bein| 
l^low the level of the torows.' From what has jast been urged in ex- 
piaaation of the widening of the ribs, the cause of this peculiarity, I 
tbinle, will readily suggest itself ; for, if the lateral parts of a rib oifered 
Rttle or no resistance to the horizontal development of the stem, com- 
pared with what wou]4 be ofiered by Hie median part, — owing to the 
attadlment of the lea/i^es, it seems a^ necessary consequence that the 
fbrmer, as well as the furrows, would oceasionally grow cot* beyond the 
plane of the latter. The more general fact of the furrows beeoming ob- 
solete on the base of the stems of Sigillnria, is evidently attributable to 
tfie same cause. 

The extreme probability of the fossils named Favularia, — at least some 
•f them, constituting neither a genus, a section of a genus, nor even a 
dlstmct species, but simply the termmai portion of an individual Sigil- 
lixria, induces me to examine that sectaon which Brongniart has termed 
Glathraria, and known by being reticulated as the Lepidodendrons. Of 
this section I have merely to suggest, that some of the species which it 
includes, are probably nothing more than portions of the stems of Stgit' 
Arr{a, belonging to those parts which have been subject to someirregn- 
lurity of growth, arising from the setting on of the branches or otherwise. 
No one who has paid any attention to those species of Coni/era, whose 
stems are fluted as it were, can have failed in observing, that wherever 
An irregularity of growth of tiie kind just alluded to has taken place, 
Iheir surfitce becomes more or less reticulated. It is probable, however^ 
that some of the specimens which are figured in the *♦ Vegetaux Fossiles,*^ 
mayl^elbRg- to plants eompletdy so characterized; in this <»ise, they 
would appear to con sti t u t e a more cycadoidal ^roup than the true Slgi^ 
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06iifii«lmBg the greikt number of leaf-scars observable on the Bteni» el 
SigiUaria, it cannot but excite our surprise that, aa yet> we have no pocif 
tive ervidenee as to the kind of foliage peculiar to this genus« When 
Brongnlart, from external characters alone, maintained that SigUlturi^ 
iraa the ancient representative of existing arborescent Ferns, there was 
1K> di&oulty in. supposing that some of. the numerous Fesn leaves with, 
which the eoal-fonnation abounds^ constituted its folia^ ; but since he 
ba» dipcevei^ that Ihe internal stpootu^e of this plant appoximates it to 
tike Cjoadeous Gymnospennsj we have in this dLsoovery-an iBsapesahle 
difficulty' in the way of such a supposition, at leasti if we am tp^ oonsidefl 
ijk as utterly impossible that there could exist, during any pflEevious. 
organic period, a tree having leaves resembling those of a Fevn« and ik 
stem combining the structure of the latter with that of a Cyoas. 
- The following observationsi. L trust, will show how far we are sup^^ 
pasted in the view ^at a tiee of this kind vegetated under the fena of 

Ittr following up the inquiry now entered upon> it will be necessary, in. 
the first instance, to take a brief survey of the various leaves which haim^ 
Wea ibtind in deposits of the carboniferous epoch, in ord^r to asc^tm 
w1dw& kind possesses the strongest claims to be considered as having be*- 
lenged ta SiffiUariom 

Passing over such remains as Lqndaphyllum, Flahellariay Annuiaina^, 
Sphenophylium,- Nags^erathioy and a few others, from appearing to have but 
« vesy remote cenneetion with Sigiliaria, or which are well known t» 
belong to other plants, we- will at once pass on to the more likely forms^ 
as. tSipheiMpieHs^, Pecoj^eris, NeuropterU, Odantopterit, SchizopteriSf and 
Cyclopteru, Even this list may be considerably reduced, p6sha^|> to the 
first three geneca, on account of the remMnder^ from their scarcity, net' 
a^peariag. to have belonged to stems possessing sueh irre&agable evi* 
denees, as to the pn^sioa of their leaves, as the fossil under coasideia* 
tioa. Takmg. this for granted, our brief survey, will consequent^ be^ 
confined to the genera Sphenopteris, Pecopteris, and Neuropteri9% 

Of the first gemusy it is said that about twenty-eight species occur in 
the ooal-lormation. It is generally conridered to be a true Fenur f^- 
ikoaf^ itmust be confessed there are some points conneeted with, tw^ 
or more s^^eeies, rather in &vour of a contrary opinion. As stated im 
the. " Vegetattx FossiUs," the recent foonns which resemble SphesMpUrU 
ape. QymMgfovkfMby A^knimn, Da^eay CheHantbes, AdumHi^ Idnd^e^ 
WoiMckj DiohmniM^ DavaUia, Triohfrnanet^ Ammia^ 'Sy^^Mmphylh*nky^aa^^ 
BairyipkiuHk, 

' If it i& the case that some species of Sphenoptem (e. g. S; erUkmifol^i,) 
atfe not Fienis^r^are we justified in supposing that they ha^e belong^ te . 
SigUhria ? I think not ; for, instead of standing in this relation, thefle' 
doabtful r^liMns appear to have beloi^d to an herbaceous plant. This 
su^ucion arises from having observed some specimens appearing aa if 
roots were attached to them. I cannot speak positively on this point ; 
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but the appearances I haye observed are such as to prerent me thinking 
otherwise for the present. 

With respect to the other Sphenqpterides, especially those which Gcep- 
pMK has included in his genera Stefentia, CheUantMtet, HymenophyUitetf 
and TrichomaniteSy there is little doubt of their being Ferns. Therefore, 
on this account alone^ it would appear they ciuinot have belonged to a 
plants whose internal structure was so abnormal as Sigillaria, when viewed 
with reference to its vascular cryptogamic affinities. Another reason 
may be urged against Sphenopteris being the foliage of Siffillaria ; it is 
founded on the general scarceness of individual specimens of the former 
over extensive areas, contrasted with the abundance of the latter when 
considered in the same light. 

The next genus, Peeopteru, is stated to be the most abundant fossil of 
the coal-formation, no fewer than sixty species having been described : 
individuals are to be found in the same proportion. Brongniart says, that 
this group approaches to the usual structure of living Ferns, and it com- 
prises the greatest number of species so intimately allied to kinds now 
existing, as to render their identity with the latter a matter beyond dis- 
pute.* This statement will be sufficient to prevent us looking amongst 
the various Pecoptevides for the object of our present researches, especially 
if any other fossil will afford us a character less related to the existing 
Pilieida. 

This appears to be the case with the next and allied genus Neuropteris, 
which, as regards *' fructification, the form and structure of the leaves, 
seems to differ completely from all living Ferns. "t 

The genera Peeopteris and Neuropteris, as they stand at present, evi- 
dently comprise species which may serve as the t3^es of other genera : 
further, it is a debateable point, whether many of the so-called' Pecop- 
teridet may not belong to the genus Neuropteris : and, on the other hand, it 
is disputable whether some which have been described as Neuroptertdes 
may not belong to Peeopteris, The following species seem to be in this 
predicament, Peeopteris sinuata, P. ohUqua^ P. Deforanciy P, nervosa, 
Neuropteris elegans, N, lanceolata (Steininger^, and several others. 

Twenty-four species of Neuropteris have been enumerated, as belong- 
ing to deposits of the carboniferous epoch. In Felling Pit, where we 
find SigtUaria, this genus and Peeopteris are the commonest fossils. 

We have thus hastily glanced at three kinds of foliaceous remains, 
whose connexion with SigiUaria has the most probability in their fiivour. 
But of this number, from what has been said of Sphenopteris, two alone, 
viz., Peeopteris and Neuropteris, appear to merit our attention in this re- 
spect ; and, though we have not as yet been able to decide which of 
the latter constituted the foliage of SigiUaria, we have nevertheless, it 
will shortly be seen, made some progress in our enquiry. 
' The internal structure of SigiUaria elegans indicates clearly that this 

I ♦ " Vegetaux Foieile*," tome i., p. 267. t Ibii!. p. ?S7. 
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fossil not only approaches to the Cycadeous Ojmnosperms in some re- 
spectsi but in others it manifests a leaning to the Vascular. Crypto- 
gams. I am even inclined to grant it a closer resemblance to the latter^ 
than is admitted by Brongniart. The consideration of this point, \Qyr • 
ever, must be waived until it is educed in its proper place ; and, for the 
present, I will content myself with the admission that the genus Sigil- 
latia comes in between the two groups just named. I presume this is 
not going beyond what Brongniart will agree to. This admission granted,, 
it follows, that the foliage of this fossil would neither be truly Cyca- 
deous^ nor truly Vascular Cryptogamic, but rather of a character de- 
parting from the Ferns, and approaching the Cycases. 

Now, whether are we to consider PecopUris or Neuropterit in this 
light ? What has already been stated with reference to these fossils, 
wiU have somewhat biassed the mind in favour of an answer to this 
question ; but, in order that we may be further supported, let us exa- 
mine some other fossils, which, from their affinity to the last-mentioned 
genus, require our next consideration. According to Brongniart, the 
genus Newropteris is characterized by having the leaflets adhering to the 
rachis only by the median part of their base, and their veins, which are 
dichotomous, diverging from this part.* 

It is evident, however, if we are to consider such forms as NeuropterU 
eonferta, N. decvrrenf, N. elegans, and some others, as belonging to this 
genus, the above diagnosis will require some modification. Sternberg has 
already done this, by placing the foregoing in his third section, which he 
describes as having the leaflets attached by their entire base, and some- 
times decurrent.t 

This section appears to form the link which connects Nevropterif with 
Odontopteris — ^the genus requiring our next consideration. A glance at 
Neuropterit Villiersi (Brogn.), Odontopteris crenulata (Brong.), and O. 
Braardi (Brong.), will shew how difificult it is to distinguish the one 
genus from the other. 

We have now arrived at a group of fossils, which, to use the language 
of Brongniart, ** is completely different from all living Ferns with which 
we are acquainted." Their leaflets are very thin, and adhere by the 
whole of their base to the rachis ; they have no, or almost no, midrib ; 
their veins are equal, simple, or forked, very fine, and most of them 
spring from the rachis. No known living Fern possesses leaflets and 
veins oithis character.]; Species of this genus are exceedingly rare ; only 
seven or eight having been described. Odontopteris Lindleyana (Stemb.)§ 

* " y^g^taux Fossiles," tome 1. p. 226, and *' Prodrome d*une Histoire dee V6- 
g^taux Fossiles," p. 52. 

■f Essai d'un Tableau Geognostico-Botanique de la Flore du Monde primitif. 
Par Comte Gr, Sternberg, 1835, p. 74.— In this section of Neuropterit, several so- 
called Peeopterides ought, I think, to be included. 

X ** Vegetaux Fossiles," tome i. p. 250. * 

§ Odontopteris dubia (Lindley and Hutton), vide " Fossil Flora.*' pi. 40. "^ 

VOL. XXXVI. NO. LXXII. APRIL 1844. T 
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is the only one figured in the " FobsiI Flora/' that has been found In 
England.* Lardin, Terrassont^ StEtienne, Manebacb,andSaarbriicken> 
are the principal localities on the continent which yield the few species 
that have been described by Schlotheim^ Brongniart^ and others. 

I cannot but anticipate, what will hereafter be sufficiently eyident, that 
OdofUopteris is leading us gradually from the Ferns to the Cycases^ ina»- 
■uch as from the last genus we pass insensibly into that of OtapUrUfX 
which merges completely into the Cycadeous type. 

Hitherto, the genera which have passed under our notice are essen- 
tially characteristic of the carboniferous epoch ; but the genus ^ OtopUri$) 
which is now to engage our attention^ not only does it approximate us 
to CyeadiddB by its characters^ but by its position in the geological series 
we are brought up to a later age, in which there is positive evidence of 
this class of plants having existed. 

Without attending to the doubtful forms of OtopterUf dubia, and 
Otopteris f Dv/remGyif^-A Triassic fossil,§ we may, by means of such 
species as 0. Beant^|| 0. Bechet, and 0. IcUi/oUa, pass insensibly into 
Otopteris pecUniformU, which places us at once in immediate proximity to 
fossils which have been, by general consent^ placed in the fiEimily Cyca^ 
dida. As Otopteris peetini/ormis may be said to osculate two great 
classes of the vegetable kingdom^ I have represented in figure 7, PI* V. 
the veining and form of its leaflets twice the natural size. Their 
base, at its superior side, possesses a very slight auricle, into which 
a few veins are seen to curve ; below these, a set, although still having 
an upward tendency, runs more directly from the base to the termination, 
and the remainder, or the lowest veins, run out perfectly parallel with 
the inferior margin : occasionally the veins are divided. If we compare 
the veining thus represented with that of the leaflets of Otopteris lati/olia 
as figured by Phillips, and by the authors of the *' Fossil Flora,'' it will 

* Mr Morris, in hii ** Catalogue of British Fossils,*' mentions Odontopteris Bri- 
tannica as occorring in Yorkshire. 

t In this locaUty occurs the singular 5^0ri22artailraar<Ii. It would be a most im- 
portant point gained, in support of the view I am now endeavouring to establish, 
were it discovered, that this plant, which agrees with the Cy cases, by its external 
characters, possessed Odomtopterie for its foliage. 

X The leaflets of Odontopteris being attached by their entire base, while those 
of Otopteris are constricted (e^ g. O. Becmi, &c.) at this part, would seem to be a 
serious objection to the one passing into the other ; but the interesting coal>mea- 
sore fossil figured in the ** FossU Flora" as Otopteris ? dubioy whether we consider 
it a species of the last genus, or oi Odontopteris, appears to break^e force of this ob- 
jection. 

§ Nemropteris Dufiresnoyi of Brongniart; Vide ** Vegetaux Fossiles/' pi. 74. fig. 4. 

Ij The veining and general form of the leaflets of this fossil agree so much with 
the same characters of Otopteris laUfoUa, as to prevent my considering it as belong- 
ing to the genus Cyclopterit, in which some are disposed to place it. Looking upon 
Q. latifoUa as the type of Otopteris, it would appear that in 0. Beani the genus had 
assumed the form of Cydopteris. For the specific names which are adopted in the 
tezt» d ^ae genus Otopteris, vide Supplementary Note. 
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be seen, that, in the latter species, we have but a slight modificaHoH of 
this character^ and that we are^ to all appearance^ among the Ferns :* 
on the other hand^ if we compare it wilh the veining of the leaflets 
of Palitozamia pecten,f as represented twice the natural size in figure 
8^ PI. y.^ it cannot be concealed, that, in the latter, we have a modi- 
fica'tion equally slight, and that we have before us a form essentiaUj 
Hiat of aCycas. 

Respecting the allied genera Pterophyllum, Ctenis, and some others^ it 
is uimecessarj to enter into any particulars^ as their situation in the same 
division of the vegetable kingdom is not improbable. 

Notwithstanding the view involved in the foregoing observations, I 
wish it to be understood^ that it is not my decided opinion that the genus 
Otopteris is the form by means of which the passage firom the Ferns to the 
Cycases was effected. The presence of Pterophyllum in rocks belonging 
to an earlier age than is usually assigned to the true Otopterides, would 
almost confirm the notion, that the Gycadeous type was directly related 
with the Odontopteroid Ferns. With the exception of its probably being 
bipinnate,]: Odontopteris obtusa (Brong.), a coal-measure plant, does not 
appear to difier much firom some species of Pterophyllum. Nor would I 
be in the least surprised, if true Gycadeous remains were hereafter to be 
Ibund in rocks of the same age as those of the North of England coal- 
field ; even in this case, the view that has been taken would not be dis- 
proved, imless it were shewn that remains of this kind occurred in 
formations older than our coal-formation, and deposited during a period 
in which the Ferns had not been called into existence. In the preceding 
arguments, I have not been so anxious to establish the true connecting 
link between two great classes of the vegetable kingdom, but rather to 
fl3iew> as far as leaves may be taken as guides, that certain fossils of this 
kind possess characters which insensibly lead us from the Ferns to the 
Cycases. Having, I trust, established this point, there still remains for 



* Although Otopteris is here called a Fern, I am equally disposed to look 

upon it as a Cycas. 
f Ftda Snpplementaiy Note. 

% As r^^ardfl the difference between Ferns and Cycases in the divisionff of their 
leaves, I may State, that tills difference does not appear to be of much importance. 
I can offer no example of a cycadeons leaf being bipinnate, nor do I know of 
any shewing a tendency to this character; nevertheless, suppose a leaf were dis- 
eovered bipinnate, and Gycadeous in other respects, I think we ought to pause 
before placing it among the Ferns. The same may be urged with reference to 
finding a dmple leaf displaying a Gycadeous character .' and as an instance in 
point of the unwillingness (as it may be termed) of some Gycadeous leaves to leave 
tlie rimple form, I may refer to FurophyUMm minut, which shews its terminal 
portion undivided to a considerable extent, — oft«i a great irregularis in its 
divisions,— and occasionally the latter extending only half-way to tiie rachis. Mr 
Bean possesses a specimen of an entire leaf, about four inches in length, which ~ 
ke considers of thisspedes : it has only one division on one side of the rachis, 
^imiid-rib, and two on the other. 
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'our ccmdideTation the principal question^ as to whether Pecopterit ^ 
JS'europteris constituted the foliage of SigiUaria, ^ 

When detailing the observations of Brongniart on the internal stroiQ 
ture of Bigillaria €legan$, it was stated, that the ligneous cylinder, beii^ 
fbrmed of scalariform tissue, allied this fossil to the Vascular Gryptoganui 
and that the form of this cylinder, and the radial arrangement of il 
tissue, approximated it to the Cycadeous Gymnosperms ; the affinitiiij 
thus clearly indicated, it is obvious^ ought to influence us in our le^ 
searches as to what kind of leaves constituted the foliage of this genus 
Accordingly, to arrive at a solution of this question, no other method 
appeared so legitimate as to ascertain, in the first place^ which of the 
coal-measure leaves afforded the most evidence of their correlalion wLtli 
Sigillaria ; this point gained, the next was to see if the renuuns thus fixed 
upon indicated a Cycadeous tendency. 

This is precisely the method that has been adopted. Through varioui 
considerations, it was made out, in the first instance, that the weight of 
evidence was in favour of PeeopterU or Neuropteris : in the next placCi 
and in order to ascertain which of these two forms displayed the strongest 
tendency to depart &om the Ferns and run into the Cycases, two inde- 
pendent modes of argument were pursued ; the one as founded on the 
essential characters of either Pecapteris or Neuropteris, graduating into 
those of a Cycadeous leaf; and the other, as founded on the subsequent 
appearance of Cycadid^^ to whichever of these genera might be decided 
upon. By these means, it was ascertained that Neuropteris possessed 
the strongest claims in its favour; in fact, there was traced an un« 
broken chain of affinity from this Fern to a decidedly Cycadeous type, and, 
at the same time, the required appearance of the latter, subsequently to 
the former, was made as conclusive as available data would admit. Thus 
the evidence is in favour of Neuropteris having constituted the foliage of 
SigiUaria, 

Before concluding this part of our subject, it will be necessary to ob- 
serve, that, although the previous reasoning has led to the above conclu- 
sion, it must not be understood that all the fossils usually considered 
Newropterides were thus correlated. The genus, as at present constituted 
-—even confining ourselves to those of the carboniferous epoch — ^may em- 
brace species belonging to widely difierent plants : it is probable some ' 
may have belonged to Tree Ferns ; others to herbaceous forms of the 
same clabs ; while some may have belonged to plants which cannot be 
included with the latter, — for instance, SigiUaria. Thus, Neuropterisobo- 
vata (Stemb.), fragments of which occur in immense numbers in the coal-* 
deposits of Mireschau, and Swina in Bohemia, are found associated with 
what appear to be specimens of a compound rachis of a gigantic froD^^ 
having, in some instances, a length of eight feet.* Drifting might certain!/ 

• Sternberg, hi •« Flore du Monde Primitif." parts 6 and 6, p. 74. The diviflionB of 
this r€tchi9 are alternate, sometimes forming an acute angle with the axis, and occt- > 
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^ring togetber portions of plants having no connection with each other ; 
id, on the contrary, the same means might widely separate different por- 
ions of the same plant ; but, under the circumstances which these remains 
!cur, — -heing unmixed with any other fossils, it seems extremely probable 
it they are portions of one and the same Fern. Neuropteris wnferUi^ 
rhich belongs to that section which our reasoning would lead to the 
)lief constitute the foliage of some species of SigiUariaf occurs in the 
lechstein of Ottendorf in Silesia ; but I have not heard of any portions of 
le latter fossil haying been found associated with it. And Neuropteris 
\tcrdata, Mr Binney, one of the secretaries of the Manchester Geological 
dety, informs me, is most abundant in Lancashire, where SigiUaria 
I'Ib not to be found. I mention these facts to shew, that, howeyer strongly 
a certain yiew miB.y appear to be supported by certain processes of rea- 
soning, it is necessary, previously to forming any positive conclusion, to 
he in possession of evidences more to be depended u}>on. Let it be un- 
derstood, that I am perfectly agreeable that this observation should 
be applied to the conclusion which has just been arrived at : this being 
allowed, it behoves us, then, to adopt some means by which it may 
be tested. Now, the most effective means with which I am at pro- 
sent acquainted, consists of the leaves which are usually found im- 
bedded with SigiUaria, especially when the latter is in situ. When the 
North Biddick specimens came under my notice, it occurred to me^ 
that the leaves which might be found so associated were probably those 
which had belonged to them. I was thus led to examine the rock in 
which they were imbedded ; and although other foliaceous remains were 
observed, for example, AsterophyUites, yet the prevailing one was a form 
allied to Neuropteris keterophylla, but with larger leaflets than those of the 
specimen figured by Brongniart. A similar result has attended my ex- 
amination of some large masses of shale, containing impressions of 
SigiUaria, which were sent to the Newcastle Museum from Derwent 
Vale Colliery on the Tyne : and in Felling Pit, where the roof and floor 
are in some places crowded for a considerable extent with SigiUaria 
reni/ormis, the leaves generaUy found are Peeopteris and a variety of 
forms of Neuropteris, the principal of which have been figured in the 
** Fossil Flora," under the names of N Loshi, N. Sorett, N, htterophyUa, 
N, ingens, N. gigantea, and N, acuminata. Hence, if some species of this 
genus reaUy belonged to SigUlaria, it would appear a matter of some • 
difliculty to say which stood in this relation. I am firmly persuaded, 
however, if we leave out of view Neuropteris gigantea, we will not be far 
from the truth, by including the remainder of the above in a single spe- 
cies, say N, heterophylla. So far, then, the Felling ca8^ confirms the 



Bioaally running out horieontally. The main raehi$ is somewhat semicircular, 
aodt at the thickest part* is from two to three Inches in thickness. Sternberg 
does not mention any specimens >vhich may be considered Rhizomes occurring 
with this rachig ; if nothing of the kind has been found, it would appear that Nsu^ 
rapterit obovata was an herbaceous Fera. 
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others : and the probability is, that that section of Neuropteris haTing the 
leaflets attached by the median part of their basal nuvgin^ pertained te 
SigiUarta remformit and its allied species. 

Mr Binney, who has judd especial attention to this subject, has been 
so kind as to inform me, that the leaves which he finds conunosly 
associated with SigiUaria are Neuropterides, apparently tbe same as 
those which occur in Felling ; along with these are also to be found 
Peeopteiis lonchitica and P. nervoia* (lindley and Hutton) ; the latter 
is particularly abundant. It ought to have been mehtidned, that Pecop- 
teris nervosa occurs in Felling Pit. If the latter should eventually be 
proved to have belonged to StffiUaria, it would appear to follow that 
the truth was at direct variance with our conclusion. This varianee» 
however, I have little doubt, is more apparent than real. When stating 
in a former part of ihese '* Contributions," that several of the so-called 
Peoopterides ought to be included in Sternberg's third section of Neurop- 
terig, that is^ those which have the entire basal margin of the leaflets 
attached to the rachis, Pecopteris nervosa was one which I had in view, 
because^ in its veining, it possesses a striking resemblance to Neuropteris 
dlpmay which is figured by Sternberg.! In figure 9, Plate Y> I have 
represented a portion of the Felling Peeopteris nervosa, by which it will 
be seen, that, although the leaflets are confluent with each other at the 
rachis^ and therefore so far in agreement with the genus in which it 
has been placed — ^the absence of a distinct midrib,! and several of the 
veins springing from the rachis, utterly forbid us placing it in Pecop' 
Uris, In short, taking the whole of its characters into consideration^ it 
appears to have a strong relationship to Odontopteris ;§ but whether it be 
considered as belonging to this genus^ or to Neuropteris, it is precisely 
the form to which the previous train of argument has conducted as. It 
is therefore possible, that the so-called Peeopteris nervosa may have be- 
longed to some species of SigiUaria. 

The description which Brongniart has given of SigiUaria lepidodeH" 
drifolia^W is clearly opposed to the conclusion at which we have arrived. 
This celebrated botanist, from certain appearances afibrded by this 
species, is inclined to think that it was furnished with leaves^ similar to 
those observable on Lepidodendron, and teimed LepidopkyUwm. I strongly 
suspect, however, that what have, been taken for leaves in this specimen, 
are merely ramenkL, similar to those found upon Ferns.** Two sped- 

* Brongoiart's species under this name appears to be different. 

t " Flore da Monde Primitif,'' parts 6 and 6, tab. zxli. fig. 2. 

X In Lindley and Button's figure of this species, the leaflets are represented 
with what might be considered a midrib ; but the veining has not been properly 
attended to. 

§ OtopUiris Braardd (Brong. pi. 76,), which possesses a striking resemblance, in 
some points, to the fossil that is figored, has the leaflets partly confluent with 
each other at the base. 

t *' Yegetanx Fossiles," Tome i. pi. 161, pp. 426-428. 

«• In his general remarks on SigiUaria, Brongniart expresses himself in favonr 



of the FossU Plants of the genus Sigillaria. 2^ 

aens of SigUlaria, in the Newcastle Museum^ strongly conobozttte 
this supposition. On breaking one of those specimens, which is in the 
state of the division A, Fig. S, Plate 1, and consequently a portion of the 
rock which surrounded the plants there were clearly displayed a great 
many ramentum-like appendages, about an inch in length, and an 
ei^ih of an inch in width. They were visible only in those breaks cor* 
responding to the furrows ; and, owing to their number, the specimen 
was most easily broken in those parts. That they were not leaves, is abun- 
dantly proved by their size and situation : in this respect they agree 
with ramenta, which I have seen on the channellings of the larch, and 
some other conifers. The base of the leaf-like appendages which Brong- 
niart observed on the specimens of SigiUaria lepidodendrifolia, already re- 
ferred to, appears to have embraced the entire width of a rib ; in this 
case, these appendages may have been broad ramenta, similar to what 
are found on Ferns : if they are reaUy attached to the leaf-scars, as is 
stated, may they not be compressed petioles ? their being slightly chan- 
nelled would almost induce one to answer this question in the affir- 
mative. 

{To be continued.) 



StJPPLEHENTABT KOTB. 

Several of the foliaiceous remains of l^e Jurassic period, although evi- 
dently belonging to Gycadiday are nevertheless possessed of characters 
which prevent them being placed in any genus of existing plants of this 
family. This is the case with Pterophyllum, Ctenis, and NiUtonia, Be- 
sides these, there are others which have generally^ been considered as 
Cycadeous ; they have their leaflets more or less auriculated at the base, 
and are furnished with veins which diverge from the rachis, and which 
are often forked. Brongniart, in his " Prodrome" (1828), made a geniis 
for them under the name of Zamites. The plant figured in the *^ Trans- 
actions of the Geological Society," 2d S., voL i., pi. 7, fig. 3, appears to 
have been considered as typical of the genus. I^reviously to the publi- 
ealion of the " Prodrome, its author had named the same fossil FUiciUs 
Bechei in the '' Annales des Sciences Naturelles," for 1825. 

In 1834, Lindley and Hutton received Ihe same species f^om Dr Buck* 
land, and, being unacquainted with the circumstances justreferred to, they 
published it imder the name of Otopterit obttua,* expressing at the same 
tune their doubts as to its being a Fern. Subsequently, mev included 
in the same genus a fossil which they had previously publisned under 
the name of Cyeloptera Beaniiy and also another which they called 
OtopterU a4summata, but which had been previously named Cyea^itet lati- 
foliuB by Phillips in his ** Geology of tiie Yorkshire Coast." 

Mr Morris, in the '' Transactions of the Geological Society," 2d S., 

of Fern leaves having been its foliage, in support of which he adduces the sap- 
posed remains of petioles, on a specimen ftom Anzin (PI. 164, fig. 7). I presume 
the discovery of 8. lepidodendrifolia was made subsequently to the general re- 

marki being writteu. 

• « FossU Flora," PL 128. 



288 Contributions towards Establishing the General Character 

Vol. ▼'., and in the " Annals of Natural History/' for April 1841, pro- 
posed the genus Ptilophyllum for some fossil plants which Colonel Grant 
had brought from Cutch, which genus it was proposed should embrace 
the fossils named Zamites, by Brongniart. In the '* Annals^" Mr Morris 
observes, that ** this name ought to be restricted to those fossils agreeing 
more closely with the recent genus." On this point I fully agree with 
him ; but, as the same fossils which he refers to had been already named 
OtopteriM, they cannot, on any account, be placed in PtilophyUum. It 
i^nuuns to be decided, whether or no I the Cutch fossils can be retained 
in this genus. 

The genus OtopicrU, it has already been remarked, includes CydopterU 
Beanii (L. and H.), Zamitet Bechei (Br.)* and Cycadites l^ti/olitu (Ph.) In 
the plate in wliich Professor Phillips represents the latter, there are 
figured other two fossils, which, if they are not vairieties of the same 
species, evidently belong to the same genus. In addition to these^ there 
are other two species which Mr Bean of Scarborough has named Otopteris 
graphica, and O. latweolata; specimens of which this gentleman has oblig- 
ingly added to my cabinet. Vtopterit yraphka appears at first sight 
to be a variety (with the leaflets more elongated) of O. Bechei ; but, 
on a closer examination, it is seen that the veins of the former are finer 
and more numerous, judging from a specimen, apparently of the latter 
species, in the Newcastle Museum, and procured at Cloughtoh.Wyke, 
on the Yorkshire coast. Otopteris lanceolata is evidently a more developed 
form of Sternberg's Polypodiolithes pectini/armi$ (Zamia pectinata, Brong.) 
I am supported in this view by several specimens at present before me, 
which it is utterly impossible to divide into two genera, or even into two 
species, so variable are the leaflets in their mode of attachment to the 
rachis, and in their form. 

In his ** Prodrome,*' Brongniart instituted the genus NiUsonia for some 
plants, which he describes as having the leaflets adhering to the rachis 
by their entire base, and traversed with parallel veins, some of which 
are more strongly marked than others. The fossil which Phillips figures 
under the name of Cycadites pectinoides* appears to answer to this 
character. I speak, not only from the enlarged figure which is given of 
one of its leaflets, but from an examination of a specimen lent me in tbe 
kindest manner by Mr W. K. Loftus of Caius College, Cambridge, and 
which exhibits portions of two or three fronds, clearly of the same species, 
under forms altogether different. In one form, that is, where tbe 
leaflets are large, they are attached to the rachis by their entire base, 
which is even dilated a little beyond the superior and the inferior 
nmrgin of the leaflet; in the first character thb fossil agrees with 
NUssonid hrevit : where the leaflets are smaller, the superior part of the 
bases appears to be free, and slightly auriculated ; in this form the 
specimen agrees with Palaozamia pecteni : and at the termination of 
the frond, the leaflets are constricted at their base, somewhat as in 
Zamia lanceolataX, I do not say that Cycaditcs pectinoides, and the two 
last-mentioned fossils, are different parts of the frond of one species ; 
but, notwithstanding their leaflet bases exhibiting such a marked differ- 
ence in each, I am certainly disposed to look upon them as belonging 
to the same genus, from the circumstances of their agreeing in having 
the leaflets furnished with strong veins, rather wide apart, and with 
apparently smaller ones intervening the latter. 

As respects the veins being of different sizes in NiUsonia — is it perfectly 

• •• Geology of the Yorkshire Coast,'' pi. 10, fiir. 4. f Vide Plate V.. fiff. 8. 
J •* Fossiraora," pi. 194. » « 
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made out that the smallest are true veins ? This'^uestion suggests itself 
in consequence of what I have observed on a specimen of Zamia gigasj^ 
In this fossil the veins are strong, and rather closely approximated, 
and the cellular tissue of the leaflet is arranged in linear series, corre- 
sponding with the direction of the veins. Hence it has occurred to Qie, 
that the so-called small veins of the Swedish Niltsonia, may be notlqng 
more than the cells of parenchymatous tissue intervienin^ the true veins, 
arranged in the same manner. How far I am correct in uiis view, I have 
DO means at present of ascertaining ; but from what I have observed in 
Cycadites pectinoidet, Zamia lanceolata, and Palaozamia pectetiy the ap- 
pearance of small veins intervening the large kinds in those plants, may 
certainly' be explained by the fact which has been noticed in Zamia 
§igas. Future observations will, I trust, enable us to decide as to 
whether these fossils might not be included in the genus Nilssonia ; at 
any rate they cannot, I am of opinion, be placed in Otopterit, If they 
are not NiUsonia, it necessarily follows, from their being furnished with 
characters which are not to be found in species of the existing genus 
Zamia and its allies, that they will have to be placed in some other genus. 
As Endlicher evidently hadiossils of this kind in view, (e.g, Zamia taxina, 
L. & H.) when he proposed his Palasommia, I think it would be the 
most judicious plan to include them in this genus for the present. 

The Cutch fossils, which Mr Morris considers as the type of his genus 
Ptilophyllum, appear to be as variable as Cycadites pectinoides. When 
youug, the leaflets are, as Mr Morris describes, closely approximated ; but, 
In a more advanced state, they are separated from each other nearly a 
quarter of an inch, and their basal margin becomes dilated on the inferior 
&S well as tiie superior side of the leaflet. In the last state they offer a . 
striking general resemblance to Cycadites sulcicauUs of Phillips (C<ejiw/a/- 
cata, Lmd. and Hutt.). The Indian and Yorkshire fossils, however, dif- 
fer in this— in the former the veins are simply forked, but in the latter 
they anastomose. This brief account is from specimens in my cabi- 
net, brought from the Behar Hills, in India. 

It is very much to be regretted, that Brongniart, in naming the York- 
shire Cycadeous plants in his '* Prodrome," did not give, at the same time, 
such a description of each as would have enabled others to have identi- 
fied his species : and it is equally to be regretted, that Professor Phillips, 
when be discarded, in his excellent treatise on Geology, in the '^ En- 
cyclopasdia Metropolitana," the names which he had previously pub- 
lished, of probably the same fossils, in his ** Geology of the Yorkshire 
Coast," did not give us the synonjons of those which are adopted in the 
former work. It is true, Mr Morris has done this to a certain extent in 
his "Remarks upon the recent and fossil Cycadeso,*' which appeared in 
the Annals of Natural History for April 1841 ; but the synonyms therein- 
mentioned do not appear to agree with the catalogue of Jurassic plants: 
which Professor Phillips has published in the treatise just referred to. I 
am, therefore, unable to give the synonyms of the Otopteroid and other 
allied fossils, which have been mentioned in this paper, so completely as' 
I should have wished, in the following synopsis. 

Si^nopsis of the species of the genus Otopteris. 

Otopteris ? dubia, (Lindley and Hutton), " Fossil Flora,*' pi. 150. 
■■ .*• Dufresnoyi, {Neuropt^ris Dvfremoyi), Brong.^ ** Vegetaux 

Fossiles/' pi. 74, fig. 4. 
— ^— - Beani, Cyclopteris Beanii, (Lindley and Hutton), ** Fossil 

Flora," pi. 44. 



* " Fossil Flora," Plate 165. 
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* Otopieris Beclieii ^' Transactions of the Gfeological Society.'' 2d 8. 

Tol. i. pi. 7, fig. 3. — FU%cite$ Bechei, (Brong. 
1825). --Zamites Bechei (Brong. 1828). — Otop^ 
teriB obtum (Lindley and Hutton), *' Fossil 
Flom," pi. 128. 

— — — ' mphica, (Bean)^ M.S. 

■ btiiolia^ Cyeaditet latifolim, (Phillips) " Geology of the York- 
shire Coast,*' plate 10, fig. 1 — {Cycadites gratni- 
neus, and C lanceolatut of this author are, I 
strongly snspect, the same species). — Otoptem 
acuminata (Lmdley and Hutton), " Fossil Flora," 
pi. 132. — Otopterit hrevifolia (landley and Hut- 
ton), *' Fossil Flora,'* pi. 208. — Odontopterit tin- 
dulata (Sternberg), *' Flore du Monde primitif," 
parts 5 and 6, pT. 26, ^f^, 1, p. 77. 

■■ ' pectiaifbnnis, Polypodiolithespeetini/ormis (Sternberg), ** Flore 

du Monde primitif," part 3, pi. 33, Gg. 1, p. 44. 
»~^ZamioL pectinaUiy (Brong.), ** Prodronae/ p. 23 
and 94. Filicites Scolopendroidet, (Lindley and 
Hutton, not Brongniart), " Fossil Flora/' pi. 229. 
— Otopteris lanceoUita (Bean), M.S. 

Synonyms of Palseozamia pecten. 

• Cycadites pecten (Phillips), Geology of Yorkshire, pi. 7, fig. 22.-— f Cyca- 
dites pectinoides (Phillips), pi. 10, fig. ^..^Pterophyllum pecten (Lindley and 
Hutton), '* Fossil Flora,* pi. 102.— ?J^amta taasina (Lindley and Hutton), 
•• Fossil Flora,*' pL 175. 



Observations on South American and African Guano. By 
John Daty, M.D., F.R.S. Lond. and Ed. Communicated 
by the Author. 

Modem enterprise and intelligence are well diaplayed, and 
in a very characteristic manner, in the importation from such 
distant regions as the coast of Peru and the south-western 
coast of Africa, of the excrement of a bird, and in its varied 
application, founded on scientific principles, to the purposes of 
agriculture and of horticulture. 

There is something very agreeable in the idea, that our 
merchants, instead of sending vessels out for cargoes of slaves 
to the latter coast, keeping up a cruel and barbarous traffic, 
are commissioning them to the same sea in quest of a valuable 

* I have not seen specimens of Otopteris Bechei from Azminster. If it possesief 
finer veins than those which are displayed in the fosnl at present before me, and 
procured from Cloo^htonWyke, on the Yorkshire coast — a character which ap- 
pears to obtaini judging from the figure in the ** Transactions of the Gkeologiad So- 
ciety ,*'-*it is probable that the Yorkshire and the Axminster fossUs may belong 
to two distinct speciesi 



r 

I Observations on South American ami AJvieam Gtuano, 891 

I manure, and a manure that appears to be admirably fitted to 
I enrich the exhausted soil of the sugar-growing islands of the 
I West Indies, and to lighten and reward the free labour of the 
liberated African. 

At the present time, when the attrition is so much given to 
agricultural improvement, and such great exertions are makiiig 
to increase the productiveness of our own soil, to meet, as it is to 
be hoped, foreign competition, the discovery of great deposits 
of concentrated manure, such as the guano is, may be con- 
sidered peculiarly fortunate and encouraging. 

As we have few or no good accounts of the localities, €Uid as 
they are very curious and peculiar, I shall insert a description 
of one instance in particular, — ^viz. that of an islet from which 
some African guano was taken, the composition of which I 
shall have to notice farther on. 

'^ The island from whence the guano is taken, is about three 
miles from the shore, on the south-west coast of Africa. It is 
a barren rock, about a mile in circumference ; has no soil, or 
the least sign of vegetation. The guano lies to the depth of 
about twenty feet, and without any variation in quality. Th& 
continent is very sandy, and in high winds (hurricanes, for in* 
stance) will cover a ship's deck nearly 100 miles from the land. 
The birds on the island are a kind of penguin, and cannot fly 
to any distance, if at all, their wings being a kind of fin. It 
is believed, that the captain of the vessel who brought the 
guano, was the first human being who set foot on the island, 
which is very difficult to approach, there being no harbour and 
a heavy surf. On walking on it, he could scarcely set his foot 
without treading on the birds, and they took no notice what- 
ever of him, except pecking at his feet, he being barefoot ; 
and, on a gun being fired, they merely fluttered a good deal 
and made much noise. There is no fresh water, it iis believed, 
for some hundreds of miles along the coast, and no rain.*" 

For this interesting and simple account, I am indebted to 
a friend, who obtained it from the merchant, the importer of 
the guano.* 
As in consequence of the increasing demand for guano.f and 

* Mr John Rae, South Castle Street, Liverpool. 

t The price of the Peruvian is about L.I 2, and the African is offered for L.9 
■ ton. 
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its high price as a manure, there is great temptation to adul- 
terate it, or impose a spurious compost in imitation of it ; and 
which, indeed, is said to be practised already to a considerable 
extent, any precise information respecting the genuine article 
Can hardly fail to be useful. With the hope of contributing 
something of this kind, I have examined both the American 
and African guano, comparing them together ; and I shall now 
briefly state the results, premising a slight notice of their ap- 
pearance. 

Botli, when moist or damp, as when imported, and offered 
for sale, are of a pretty dark reddish brown colour, very like 
that of dark moist snuff. In drying, both become of a lighter 
hue, and the African kind, on exposure to the air, soon ex- 
hibits a white efilorescence. Both when moist exhale a strong 
ammoniacal odour (the African the strongest), mixed with a 
different and peculiar smell, somewhat offensive, which, with 
the ammoniacal, they in a great measure lose in drying. 

Under the microscope, using a high power, both appear to 
consist chiefly of very minute granules, many of them smaller 
than the blood corpuscles, and of slender prismatic crystals of 
oxalate of ammonia, in which the African kind is most abun- 
dant. 

Subjected to chemical analysis, the two kinds (No. 1 the 
American, No. 2 the African) have appeared to consist of — 

No. I. No. 2. 

41.2 40.2 Matter soluble in water, destructible by fire or volatile, 

such as oxalate of ammonia, dipbospLate and mu- 
riate of ammonia^ and animal matter. 
. 29.0 28.2 Matter not destroyed by fire, nor soluble in water, or 

very slightly so, chiefly phosphate of lime and mag- 
nesia, with a little sulphate of lime and a very little 
siliceous sand. 
2.8 6.4 Matter not destroyed by fire, but soluble in water,' 

chiefly common salt, with a little sulphate and 
sesquicarbonate of potash. 

19.0 ... Matter destructible by fire, little soluble in water, 

chiefly lithate of ammonia. 
8.0 25.2 Matter expelled in drying on a steam bath, chiefly water 

and sesquicarbonate of ammonia. 



100.0 100.0 
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As regards the American guano, the results of this coarse 
analysis do not disagree with those of the more minute one of 
y5lckel, excepting in one particular ; he obtained 7 per cei^t. 
of oxalate of lime, a salt which certainly did not exist in the 
specimen which I examined ; and this I say, after having care- 
fully sought for it. 

Comparing the constituents as they are placed side by side 
of the American and African guano, the chief difference is seen 
to be, that while the American kind contains a large propor- 
tion of lithate or urate of ammonia, the African kind is totally 
destitute of it. This I little expected, considering its origin, 
the. excrement of birds, their faeces and urine, the latt^er of 
which commonly consists chiefly of lithate of ammonia. The 
obvious explanation of the circumstance is, that the lithic acid, 
which formed a part of the urine, has in a long period of time 
suffered decomposition, and has given rise to oxalate of am^ 
monia. And, that this guano is very old, was indicated by 
the partially decomposed state of some feathers, not excepting 
the quills, which were included in it. I have said, that the 
African guano is totally destitute of lithic acid ; and I believe 
I am warranted in coming to this conclusion, having carefully 
sought for it in vain. It may be mentioned that search also 
was made in both kinds of guano for urea, but without well- 
marked success. The brown animal matter, soluble in water, 
yielded a small portion to alcohol, which had some of the pro- 
perties of urea, and formed a compound with nitric acid, but 
less distinctly crystalline than the nitrate of urea. 

On account of the origin of guano, that already referred to, 
and the questions involved in the difference as to composition 
which exists, or is supposed to exist, between it and the matter 
from which it is derived, it appeared to me desirable to examine 
with care the excrements of birds, and especially the urinary 
portion, — ^thinking it not improbable, that besides lithate 
of ammonia, [which it would appear, as far as experiment has 
hitherto gone, is the principal constituent of the urine of birds, 
whatever their food may be.] oxalate of ammonia might form 
also a part. 

The specimens which I have hitherto examined have been 
chiefly the following, viz., from the common goose, after feed- 
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ing on grass, from the pigeon, the common fowl, the gull) the 
peUcan, and the white-headed sea eagle, — ^the three latter in 
the garden of the Zoological Society of London, wiiere they 
are fed chiefly on fish, and the golk entirely so, as I am in- 
formed by my friend Mr GuUiver, to whose kindness I am in- 
debted for the specimens. 

The nrine from each of these birds, in its pnrest state, or 
least mixed, was very similar; of an opaque white, sometimes 
with a stain of brown. Under the microscope, it appeared to 
be composed chiefly of granular matter, each particle seldom 
ttceeding in size a blood corpuscle, viz., that of man, and com- 
monly less. In the instance of the urine of the searoagle, de- 
licate tabular crystals were mixed with the molecules. Sub- 
mitted to chemical examination, each kind was found to coah 
sist chiefly of lithate of ammonia, with a little phosphate of 
lime and magnesia. In that of the goose, a trace of urea 
was detected, with a little carbonate of lime and magnesia ; 
and in that of lite sea*eagle, a small portion of oxalate of 
lime, constituting the tabular crystals seen under the micro- 
scope. In each instance, search was made, but in vain, for 
oxalate of ammonia, — ^not a trace of it could be detected ; and 
thus tending to confirm the conclusion of M. Liebig, that this 
salt results in guano, from the decomposition of lithic acid, 
and the new arrangement of its elements, aided, I would add^ 
by the absorption of oxygen from the atmosphere. 

That atmospheric oxygen is concerned in this change, I am 
induced to infer from some experiments which I have made. 
I shall briefly notice two. Lithate of ammonia (the urine of 
the sea-eagle) in a moist state, was subjected in a close vessel 
to the temperature of boiling water, for about twenty-four 
hours, when it was tried for oxalate of ammonia ; but not a 
trace of this salt could be detected. It was next exposed to 
the same temperature, mixed with black oxide of manganese, 
and for about the same time. Now, the presence of oxalate 
of ammonia was clearly indicated, for the mixture, after 
digestion, with a little water and filtered, yielded a solution, 
which, after having been made slightly acid, was rendered tur- 
bid by muriate of lime, and the precipitate had the properties 
of oxalate of lime. I may m^ition further, that the aqueous 
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solution was coloured slightly brown, seeming to show, that be- 
sides the formation of some oxalate of ammonia, in this instance* 
a soluble matter also was produced, which, it may be conjeo* 
tared, is analogous to that which exists in the guano, impart* 
ing colour to it. 

Before concluding, I would wish to say a few words relative 
to the tests of guano, — the means of distinguishing between 
the genuine and the spurious kinds. Taking into account its 
origin, and that deposits of it can be found only where no 
rain falls, the inference seems now to be obvious, either, if 
old, that it must abound in oxalate of ammonia ; or if, com* 
paratively of little age, in lithate of ammonia ; or if not of 
great age, it must contain a notable quantity of both these 
substances. These salts are easily detected, and the first 
mentioned, very readily by the microscope. 

The adulteration of the genuine kind, to which the tempta- 
tion is great, cannot be so easily detected. I fear it cannot 
be accomplished, excepting by means of chemical analysis ; 
and that the farmer must hold himself dependent on the inte« 
grity of the merchant ; and if he would wish to avoid the 
chances of imposition, he must purchase only of the merchant 
of established name, and at the regular price. 

As guano appears to be constantly exhaling ammonia on 
exposure to the atmosphere, to prevent loss and deterioration, 
it cannot be, before use, too carefully excluded from the air ; 
and on the same account, it ought not be applied as a manure^ 
whilst vegetation is inactive, but rather at the moment of its 
coming into activity, and when in progress, according to the 
Peruvian manner of bestowing it on the plant, rather than on 
the soil. 

I have alluded, in the beginning of this notice, to the spirit 
of enterprise displayed in the importation of guano. I have 
since learnt, that, in procuring the African kind, that which I 
have examined, no ordinary degree of this quality has been 
exerted, accompanied by a boldness of daring, and a perse- 
verance worthy of record. The importer, Mr Rae, informs 
me, in a letter with which he has just favoured me, that his 
son is the discoverer of the guano-islet or islets, for it would 
appear that there are several of them, so remarkably situated. 
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That he was led to go in search of them in the beginning of 
last year, from remembering having, when a boy at school, 
looked into the sea-joumal of an American whaler, in which 
mention .was made of such spots. And that his first attempt 
was unsuccessful, and nearly proved fatal to himself and all 
concerned, — ^he and his boat^s crew, in exploring the islets, hav- 
ing almost perished from want of water, before they could 
rejoin their little ** surveying vessel f and then (she, too, being 
in want of water), having had to sail 1500 miles before they 
could obtain a fresh supply. 

This is a meagre outline of a hazardous and most important 
enterprise. The details of it, it is to be hoped, will be pub- 
lished ; they can hardly fail exciting interest ; and they may 
convey valuable information, either directly or indirectly, on 
many important points connected with the physical history of 
a region of which at present so little is known. The result 
of the voyage, the director of it may well be proud of, con- 
templating, as he writes to me, by the introduction of some 
thousands of tons of productive manure, increase of fertility to 
our soil, to the extent of " producing three bushels of com 
where only two were previously grown." 

The Oaks, Ambleside, 
February 29. 1844. 



On the Physical Characters of the Esquimaux. By Richard 
King, M.D. (Communicated to this Journal by the Society.) 

Read before the Ethnological Society, London. 

Of the circumpolar family, the Esquimaux branch is the 
most remarkable, owing to the vast extent of country over 
which it is spread. This race of fishermen inhabit the whole 
of the northern coast of North America, and as far as Prince 
William's Sound in the Pacific, and the coast of Labrador in 
the Atlantic, their western boundary being St Lawrence 
Island, and their eastern Greenland. Although, for a con- 
siderable period, Labrador has been the most southern Xvani 
of the Esquimaux, in the direction of the Atlantic, it would 
appear that, in early times, their migration extended further 
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south, including the occupation, as a summer residence, of 
the Island of Newfoundland. The Abb6 Raynal expressly 
states, *' that no savages have ever been seen on that island, 
except some Esquimaux from the continent in the hunting 
season," an opinion I had formed, before this passage in the 
Abb6 RaynaFs work came under my observation, from a care* 
ful study of the narratives of the early travellers in search of a 
north-west passage. *^ Sebastian Cabot," writes Purchas, 
"brought to England three savages taken in Newfoundland,* 
who were clothed in beast's skins, and did eat raw flesh, 
and, in their demeanour, like to brute beasts, whom the king 
kept a time after ; of the which, upon two years after, I saw 
two apparelled, after the manner of Englishmen, in West- 
minster Palace, which, at that time, I could not discover from 
Englishmen till I learned what they were ; but, as for speech, 
I heard none of them utter one word." The account given by 
Whitbourne of the natives of Newfoundland,t is in accordance 
with the known habits of the Esquimaux, but has no refer- 
ence to the Red man of America. Whitbourne has thus ex- 
pressed himself : — " The naturall inhabitants of the country, 
as they are but few in number, so are they something rude 
and savage; having neither knowledge of God, nor living 
under any kind of civill government. They live altogether 
in the north and west part of the country, which is seldom 
frequented by the English. But the French and Biscay- 
ans, who resort thither for the whale-fishery, and also for 
the cod fish, report them to be an ingenious and tractable 
people (being well used). They are ready to assist them, with 
great labour and patience, in the killing, cutting, and boyling 
of whale, and making the traine oyle, without expectation 
of other reward, than a little bread or some such small hire." 
Lieutenant Roger Curtis, in a paper addressed to the Royal 
Society,t informs us that the Esquimaux were settled at difie- 
rent places upon the sea-coast down to the river St John^s ; 
but for many years past, whether owing to the quarrels with 
the mountaineers, or the encroachments of the Europeans, 
they have taken up their residence far to the north. O'Reilly 
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has made the same remark,* i»H)babl7 a <piotalion from Lieat. 
Roger Curtis. Thorsin, the Icelander, describes the people of 
Winlandt as of low stature, having boats covered with leather. 
Now, it has been contended, and very ably, that Winland was 
south of the Gulph of St Lawrence ; and since we have been 
able to trace the Esquimaux thus &r, it is by no means im« 
probable that they took advantage of the mighty St Lawrence 
and penetrated inland ; for near the Falls of Nic^ara havebe^ 
discovered numerous tumuli, attributed by the Red man, who 
does not adopt this mode of sepulture, to an extinct race that 
inhabited the country before him. Dr Hodgkin, with his usual 
intelligence and research,, examined a skull exhiOEied from 
one of these tumult, and pointed out its strong resemblance to 
the skull of a known Esquimaux. A cast of the former and 
the original of the latter, is to be seen in the Museum of Gayls 
Hospital, arranged by Dr Hodgkm, a museum deserveifly the 
pride of this country and the admiration of fbreignewK 

Of that aH-important branch of science — statistics, in rela- 
tion to the Esquimaux, our knowledge is but slight. The popula- 
tion of the north-west coast of America, from Prince William's 
Sound to Point Barrow, was estimated, in 1822, at 1200 ; of 
Regent's Inlet, in 1830, at 160 ; of Melville Peninsula^ in 
1823, at 219 ; and of Labrador, in 1773} at 1623. It appears 
evident) then, as far as our information extends, that the north- 
west comer of America, Labrador, and Greenland, are better 
inhabited than the American boundary of the Polar Sea, and 
that the population gradually increases in the direetion from 
east to west, except in the neighbourkood of the Mackenzie! 
where perhaps fronr the resources of the country, compared 
with any other given area, it is most abundantly peofded. 

The Esquimaux all speak radically the same language, and 
even where there exist dialectrical differences, they are so 
slight, that a native, whether he is located on the shores of 
the Pacific or of the Atlantic, is able to make himself under- 
stood throughout all the various and widely spread comma- 

nities. 
The author of ^ Researches into the Phyacal History of 
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Mankind^* has made no alktsion to the form of the skull of tbe 
Esquimaux in his first edition ; but in thitt of 1826, ther6 id a 
description agreeing with a i&uU which he has figured, and which 
figure and description appear in his recent work, entitled thd* 
*' Natural History of Man." The letter-press runs as foUowi^ : 
^ The face is of a lozenge shape, rising like one of the faces of a 
pyramid almost to a point,'^ — and so it is represented. But a 
<^omparison with four skulls figured in Blumenbach'^s Decaded, 
four in Morton^s Crania Americana, one in the collection of the 
Hunterian Museum of the Hoyal College of Surgeons, one in thei 
MtMeum of Ouy's Hospital, and twelve in the possession of the 
{^renologist Deville, entirely contradicts Dr Prichard^s re- 
marks. It is true that O^Keilly has given a similar description to> 
thai of Dr Prichard.f ** The forehead,'*' in the opinion of that 
traveller, in allusion to the Esquimaux of the island of Disco, 
^ and the side of the head above ihe temples are greatly, de- 
pressed ; the crowii is elevated considerably; and the back of 
^ head is depressed as the forehead. The smaller end of a 
hen^s «gg pi^esents a familiar resemUance to their cratiium.^ 
But after inspecting fourteen skulls, and representations of 
eight more, I am led to believe that O'Reilly and Dr Prichard 
have been describing the same skull, which owes its peculiarity 
1^ some accidental cause ; and i^ince OKeiHy wrote in 1818, 
dnd Dr Prichard in 1826, it is probable that the Doctor sought 
fol*» and -obtained, the skull whic& O^'Beilly has described. 
Bowevei* this may be, it is certain tfeit the skull figured by. 
Eh> Prichard cannof be tak^n &d a typd of this Arctic femily. 
It would be as incorrect, with the materials before us, to agree 
^h- Dr Prichard, as, with our knowledge of the custom! of ar-i 
tificially modifying the form of the head practii^ by thef naJ^ 
tives of North-western America, to fall in with the vieWfil of 
P^fessor Tiedemann, and Mr Pentland, that the skulls found 
in the ancient graves, called huacas, in the great alpine valley 
of Titicaca, were moulded so by nature. The Esquimau^, ii^ 
my opinion, strongly exemplify the broad-faced and mode^ 
fately-vaulted character of the skull classified as Mongolian; 
The most striking characteristic is* the outward projection of 

• Dr Prichard. 
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the cheek bones, which, turning backwards, meet a corres^ 
ponding projection of the temporal bone, forming with it a 
laige rounded sweep. The upper part of the face is remarka- 
bly flat, and the nasal bones are nearly on a plane with the 
cheek bones. 

As we find the skull, so do the features correspond. The 
face is round and fuU, and the nose is apparently sunk, owing 
to the prominences of the cheeks, which sometimes exists to 
such a degree, that a ruler placed across them will leave the 
nose untouched.* Besides, there are peculiarities regarding 
the eyes which do not depend upon the skeleton head. They 
are small, and placed obliquely within the orbits, the inner 
part being depressed, while the outer part is proportionabiy 
raised ; and Mr Edwards, the surgeon to Sir Edward Parry's 
second expedition, has pointed out a peculiarity common to 
many individuals of Melville Peninsula, consisting in the inner 
comer of the eye being covered by a duplication of the adja- 
cent loose skin. This fold is lightly stretched over the edges 
of the eye-lids, covering the carunculus lachrymalis, which in 
Europeans is exposed, and forms, as it were, a third lid of a 
crescentic shape. This singularity was ascertained to be very 
remarkable in childhood, less so toward the adult age, and 
then frequently disappearing altogether, the proportion in 
which it existed in grown up persons being small compared 
with that observed among the young. Although these are the 
general features, they differ with individuals as is in all other 
nations ; yet, like the Jews, they have, even when their counte- 
nances are shaped like Europeans, an expression altogether 
peculiar .^ Oval faces and high Roman noses are occasionally 
to be met with, and when this is the case with both parents, 
the children always resemble them. 

Notwithstanding the general features of the Esquimaux do 
not convey the general idea of beauty according to the Euro- 
pean standard, still they have found more or less favour in the 
eyes of every traveller who has visited them. Captain Cook 
thought few were of the handsome sort, though their counte- 
nances commonly indicated a considerable share of vivacity, 

• Lyon. t Ibia. 
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good nature, and frankness, and that some of the women had 
agreeable and delicate features. Sir John Franklin and Dr 
Riohardson considered the young women and children hand- 
some, some of them having a considerable share of beauty, and 
one in particular, who would have been deemed pretty even in 
Europe ; and, like our own belles, they spared no pains to shew 
themselves off to advantage. Sir Edward Parry makes the 
same observations of the natives of the river Clyde, and of 
Melville Peninsula, and then adds, that *' one of the prettiest 
women of the latter people had a face more oval than that of 
Esquimaux in general, very pretty eyes and mouth, teeth re- 
markably white and regular, and possessing in her carriage 
and manners a degree of natural gracefulness which could not 
be hid even under the disguise of an Esquimaux woman'^s 
dress.'^ Two young men, about twenty years of age, and stand- 
ing five feet seven inches, were both '' handsome and prepos- 
sessing, and their limbs well formed and muscular ; qualities 
which, combined with their activity and manliness, rendered 
them, to speak like a naturalist, perhaps as fine specimens of 
the human race as almost any country could produce. A man 
named T^, his brother, his wife, and two daughters had good 
Roman noses, and one of the latter was an extremely pretty 
young woman." The natives of Prince William^s Sound are 
described as having generally broad flat faces, small eyes, and 
white and regular teeth, though there is considerable variety in 
this respect. Those of Kotzebue'^s Sound have forbidding 
countenances, and an expression of wantonness, but not of stu- 
pidity, their features being characterized by small eyes and very 
high cheek-bones f while, according to Captain Beechy, they are 
a good looking race, although, at a comparatively early age, they 
<the women in particular) soon lose their comeliness, and old 
age is attended with a haggard and care-worn appearance, 
rendered more unbecoming by sore eyes, and by teeth worn to 
the gums by frequent mastication of hard substances. The 
same state of the teeth has been observed in the aged of all 
the different communities. The natives of Mackenzie River, 
to Sir John Franklin's western limit, were found to have th^ 

* Kotsebtte. 



302 Dr King an the Pkfnieaf ChartBC$e99 of the Esquimau^' 

eheek-bones less projeoting llian iuiaal» but '^ having the sm^P 
pyes and broad nose which ever distinguish that people.*^* Of 
the natives of i^iegent's Inlet, Sir John Ross expresses bjx opi- 
nion that the females were certainly not beautiful, but their 
features were mild, and their cheeks, like those of the Qi^i« 
. ruddy, and one girl of thirteen years of age wa^ c&naiderad to 
have a pretty face. Lieutenant Roger Cuvtis considered the 
natives of Labrador as, ^*in gemeral, not very disa^eeably 
featured, though there were some among them wha were ex* 
tremely ugly. They were flat visaged, and had short aoaes.^' 

In complexion, Sir Edward Parry t considers the Esquinoaux 
not darker than the Portuguese, and such parts of the body as 
§re constantly covered, not to fall short in fairness to the ge- 
nerality of the inhabitants of the Mediterranean, a very fine 
healthy blush tinges the cheeks of females and young children, 
and frequently they have complexions nearly as fair as' that of 
Europeans ; but the men are more inclined to be sallow. Sir 
Martin Frobisher states, ^' their colour is not much unlike the 
i|un-burnt countryman.*^ The natives of St Lawrenee Island 
§re somewhat fairer, and at Prince William's Sound ^^ the 
comidei^ion of some of the women and of the children is white, 
but without any mixture of red.'**:^ 

The beard is scanty, but few instances occurring of the chiQ 
being entirely covered. The moustaches are more thick. 
The hair id straight, coarse, and of a raven black, but it has, 
.for a few years during infancy, a shade dF brown. On their 
.\>odie$ th^re is but little hair ; in fact, some are totally desti- 
tute of it ;§ f^nd at St X<awrence Island there is a deficiency 
even of beard«|| The hah* becomes blanched in persons ad- 
vanced in years, which was common at Regent's Inlet ; while 
at Herschel Islftnd, tp the westward of the Mackenzie River, 
an old wom£^n, whose hair was silvered with age, was a con- 
spicuous object.lT A solitary case of bald head i& recorded in 
a native of Reg^nt'^s Inlet, aged fifty-six years^** 

The Esquiipaux are of a robust make and healthy appear- 
ance, with small hands and feet, well turned at the ankles, 

• Sir John Franklin. t Also Lyon, Heoine, Curiifl. X Captain Cook. 
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and withoot blemishes, and their gait is erect and free^* The 
neck and shcNilders of the women are generally in good, 
tfaongh large, proportion^ and the arm and wrist are some<* 
times handsome. Though not inclined to corpnlencoi they 
are generally plamp^ flesh loose, and without firmness ; and 
even in the yonng and strong men, the muscles are but ilt- 
defined ; and though, when dressed^ they appear a stout well- 
cet people, their figures, when tineovered,^ are rather weak 
than otherwise.t We are naturally led to believe, therefore, 
that their bodily strength is not great, which was the conclit- 
sioo Captain Lyon arrived at, after matching some of his men 
with Esquimaux, of equal sizes, to lift weights, when it in- 
variably happened that burthens which were raised with 
facility by the British, could scarcely be lifted by the natives. 
Sir Edward Parry is of opinion that the two races are equal, 
and Grants, that the Esquimaux of Greenland far surpass us. 
Crantz states, '^ that a man that hath eat nothing for three 
day9, at least nothing but sea-grass, can manage his caiak in 
the most Airious waves ; and the women will carry whole a 
rein-deer the space of four leagues, or a piece of timber 
or stone near double the weight of what an European could 
lift.'^ As the Esquimaux of Greenland practise athletic 
games, there can be no doubt that they are a strong people ; 
but Crantz has most assuredly overrated them. I am inclined 
to believe, from my own observations, that the Esquimaux 
equal in strength the generality of Europeans. The subject, 
however, has not been sufficiently investigated to justify a 
conclusion. 

Stature is another point that requires attention ; the va- 
rioas trayellers having written in general terns. These are, 
nevertheless^ sufficient data to affi>rd an average. The talles^ 
man of Kotzebue's Sound, seen by Beechy, was 6 feet 9 inches 
and the average of all the tribes he had seen, from Kotze* 
hue's Sound to Point Barrow, including St Lawrence Island, 
5 feet 7i^ inches ; of the inhabitants of Boothia Gulf, the 
range of the men was from 5 feet 3| in. to 5 ft. 10 in., 

* Cook, Kotz0baa,. Fnuikini^ Hudson, Frobisha:, tiurtiB, 
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the average being 5 ft. 6^ in. ; and that of the women from 
4 ft. 9i in. to 5 ft. 5^ in., the average being 6 ft. IJ in. Of 
the natives of the River Clyde, the range of the men was 
from 5 ft. 4i in. to 5 ft. 6 in. ; and that of the women from 4 ft. 
10 in. to 4 ft. 11 in. Of twenty individuals of each sex of 
Melville Peninsula, the range of the men was from 4 ft. 11 in. 
to 5 ft. 10 in. ; the average being 5 ft. 5^ in., and that of the 
women from 4 ft. 8 j in. to 5 ft. 3^ in. ; the average being 5 ft. 
0^ in. Of the natives of the Savages Island, Lieut. Edward 
Chappel considers a fair average standard might determine 
their height to be between 5 ft. 5 in. and 5 ft. 8 in. The 
average height of the men, therefore, is 5 ft. 6 in., and that of 
the women 5 ft. 1 in. ; and the people evidently increase in 
stature in the direction from east to west. 

The Esquimaux have various modes of arranging their hair 
according to the locality. As regards the men, some wear it 
long and allow it to hang about their heads in a slovenly man- 
ner.* Some cut it short before,t so as not to incommode their 
face, and others both before and behind ;l while at Kotzebue's 
Sound § and Schismareff Inlet,|| the only part that was cut was 
a circular patch upon the crown of the head like the tonsure 
of the Roman Catholic clergy. This fashion was adopted by a 
few of the natives of Melville PeninsulalT and of the Macken- 
zie River,** while at St Lawrence Island many had that part 
shaved. tt At Southampton Island, the hair is worn in one 
large mass as large as the head of a child rolled into the form 
of a bally and projecting from the/ise of the forehead. One of 
these bundles Captain Lyon found to consist of six long strings 
of his own locks originally plaited, but then so matted with 
dirt and deers' fur as to resemble a rough hair tether. These 
extraordinary tresses were bound tightly together at their 
t)ase and measured about 4 (eet.Xt Hair is pretty universally 
worn by the Esquimaux on the upper lip and chin from 1 inch 
to 1^ inch in length, and some cultivate a little tuft between 
the chin and lower lip. 

The women of Prince William's Sound tie a small lock of 

* O'Reilly, Franklin, Parry, t Parry, Franklin, Frobisher. 
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■ the hair on the crown, and a few club it behind after our 
I own manner, leaving the rest of the hair to hang down.* 

' Those of the Mackenzie River wear it very tastefully turned 
up from behind to the top of the head, and tied by strings of 
white and blue beads, or cords of white deer-skin. It is divided 
in front, so as to form on each side a thick tail, to which are 
appended strings of beads that reach to the waist, t At Kotze- 
bue's Sound,! Boothia,§. and Melville Peninsula,|| they sepa- 
rate their hair into two equal piurts, one of which hangs on 
€ach side of their heads and in front of their shoulders. To 
stiffen and bind these, they use a narrow strip of deer- 
skin, attached at one end to a round piece of bone 14 inches 
long, tapered to a point, and covered over with leather. This 
looks like a little whip, the handle of which is placed up and 
down the hair, and the strap wound round it in a number of 
spiral turns, making the tail, thus equipped, very much re- 
semble one of those formerly worn by our seamen. The strap 
of this article of dress, which altogether is called a togleega, 
is so made from the deer-skin as to shew, when bound round 
iJie hair, alternate turns of white and dark fur, which give it 
a very neat and ornamental appearance. On ordinary occa- 
sions, it is considered slovenly not to have the hair thus dressed, 
and the neatest of the women never visited the ships without 
it. Those who are less nice, dispose the hair into a loose 
plait on each side, or have one togleega and one plait ; and 
others, again, wholly disregarding the business of the toilette, 
merely tuck the hair in under the breast of the jackets. 

This slovenly disposal of the hair was found to be the case with 
the natives of the River Clyde,! and Hudson Straits.** The 
Esquimauxof Labrador, Hudson's Straits,i't and the Great Fish 
River,^ j: wear the hair parted in front into two festoons, se- 
cured by a fillet of white deer skin twined around the head, 
whilst the remainder flows gracefully over the neck and shoul- 
ders, or is tied up into a knot behind. At Southampton Island, 
the same style is adopted, but instead of using a band for the 
purpose, it is twisted into its position. The natives of Green- 



* Cook. t Franklin^ Richardson. X Beechy. § Ross. 
Jl Parry, Lyon. H Frobisber. ** Cbappell. ft King. tJ Lyon. 
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land bndd it» and tie it up in a bunch an the top of th* 
bead** 

The ciFcuIar band of white reindeer for worn nsefdlly by 
ilie iMttiTee of the Great Fish River and Labrador, is occa- 
sionally Bsed by some of the eommunities as a mere ornament; 
and is frequently formed of brass, either plam or serrated at 
Hie upper edge,t or of brass-buttons strung together.} b 
some cases, the men thus ornament themselves, which, among 
the inhabitants of Kotzebue's Sound, consists of alternate Une 
and white shells ; and at Melville Peninsula, of sev^^ ^rips 
of skins sewn together, alternately black and yellow. Near 
the upper edge, some hair is artfully interwoven, forming, with 
the skin> a very pretty chequer- work. Aloi^ the lower edge 
is suspended more than a hundred small teeth, principally of 
the deer^ neatly fastened by small double tags of sinew, and 
forming a very appropriate fringe.§ Necklaces, bracelets, and 
ear ornaments, are seldom wcum. But one instance of the 
former is on record, that of a native woman of Kotzebue^s 
Sound, recorded by Captain Beechy. This necklace consi^ed 
of pieces of amber strung together. Bracelets and ear prqa- 
ments are generally worn by the natives of Prinoe Williaai'e 
.Sound,|| and but rarely by the inhabitants of K<^aebue Ifir 
let,1F The bracelets are formed of iron or copper ;** pieces of 
amber or shells, or beads strung together .tt ^^ earornar 
menta consist of bli^ glass bead& at Kotzebae Inlet, and «t 
Prinee WiUiam's Sound, of pieces of tubulo$e shells in small 
bunches.. These people were, moreover, singular in both 
sestes^ wearmg ear-drops.|;j: The ei^s were not pierced after 
our fashion^ but with several holes about the outer and lower 
part of the edges. Neither Kotzebue nor Beechy have stated 
whether the same kind of perforations were adopted by the 
natives of Kotzebue^s Sound. At the Great Fish River,^ tke 
ermine skin was the fav<Mirite ear ornament ;§§ and Sir JFohp 
S/ias obtained from a native of Regent's Inlet, a smaU bar ef 
iron ore, suspended by sinew for the same purpose. Lieutenao^ 

♦ OTteilty, Egede. t Parry, CtiTtis. t FnAiiaber. §- P«ty- 

II Ooek. ^ Kotzebue, Beecby. ** Kotzebue^ Betchy. 

ft Cook. tt ®ook. {§ Kingi 
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■ Aoger Curtis informs us, that at Labrador the natires lo«i 
I tbeir heads with large strings 6£ beads, which they fasten to 
I the hair above the ears ; and Captain Lyon found the natiyea 
I ^f Southampton Island adopting the same fashion ; but inataad 
of beads, having at one time little bone ornaments^ and at aor 
otiier time small irregularly shaped pieces of lead, strung air 
lematefy with square cut pieces of the daw of a bird. AK 
though but one of the women of Kotzebue Inlet was observed 
to wear a necklace, there were several who had a mode of 
crnam^fiting themselves quite peculiar. They had sui^ended 
to their hips, under their clothes, three (xr four bells, and on» 
evoB lower down, which was of the size of a dustman''8 belL 
F<Nr what purposes they were placed there, was not within the 
reach of conjecture ; but '* by their polished sur&ce, and the 
manner in which they were suspended, they appeared to hay? 
loDg oeeupied those places. They were certainly not hung 
there for convenience, as the large one» in particular* vom>i 
Ittve materially incommoded them in walking.*'* 
' Among the personal ornaments of the Esquimaux laeiui^ bt 
reekoned that of tattooing, which is of indispensable importr 
anoe to the women. The parts of the body thus adorned are 
the ftu^e, arms, hands, thighs, occasionally the breaats, and^ in 
Ghreenland, the feet. Tatooing is rarely practised by the 
men ; a few only of the natives of Melville Peninsula were 
thus marked on the back of the hands, considered by them aa 
a souvenir of some distant or deceased person who had per» 
formed it ; and Sir John Franklin heard from one tribes, that 
another tribe were accustomed to tattoo their fitces. The art 
b most abundantly practised by the women of Melville Pen<» 
insula, c^ Regents Inlet, and of the Great Fish River, th^ 
pattern l^ing the same, though varying in the number of lines^ 
The patten consists of from three to six linefr drawn hori<> 
Bontally across each cheek, from three to eighteen verlically 
across the chin, and from three to eight from the forehead to 
the centre of the nose (between the eyebrows), a doable line 
round tiie neck and breast, above the shoulder, another below 
the shoulder, and a third above the elbow. Between each of 
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these which encircle the arms, and parallel to each other, there 
are ornamental devices, but without any meanmg.* Between 
the Mackenzie and the Coppermine Rivers, and at St Law- 
rence Island, the women are tattoed across the cheeks only.t 
At St Iiawrence Island, however, there is one peculiarity in 
the outer line, extending from the lower jaw over the temple 
and eyebrow.^ Westward of the Mackenzie, five or six blue 
lines merely are drawn perpendicularly from under the lip to 
the chin ;§ and at Norton and Kotzebue Sounds, || the same 
fashion is adopted, but at the latter Sound the lines are re- 
duced to three.lT Captain Cook has not stated the number 
of lines which marked the natives of Norton Sound ; he has 
only mentioned the fact of their being tattoed from the under 
lip to the chin. At Labrador and Southampton Island, in* 
stead of lines, small dots are substituted.** 

The operation of tattooing is performed about the age of 
ten, and is very expeditiously managed by passing a needle 
and thread, the latter covered with lamp-black and oil, under 
the skin according to a pattern previously marked out. Se- 
veral stitches being thus taken at once, the thumb is pressed 
upon the part, while the thread is drawn through, by which 
means the colouring matter is retained, and a permanent dye 
of a blue tinge imparted to the skin. It is a painful as well 
as tedious process, especially as the needles are made of strips 
of whalebone. For those parts where a needle cannot con- 
veniently be passed under the skin, the method by puncture is 

used.tt 

Although the Esquimaux men do not practise tattooing, 
many of them pierce the lower part of the face for the pur- 
pose of introducing various kinds of ornaments. From Prince 
William^s Sound to the Mackenzie, this custom is universally 
adopted ; but, as far as our knowledge extends, it is confined 
within those limits. The lower lip, each corner of the moath, 
and the septum of the nose, are the parts selected for the pur- 
pose ; but it is more generally the fashion to pierce only the 

* Parry, Ross^ King. t Ricbardson, Beechy. | Beechy. 

§ Franklin. || Cook. f Beechy. 
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tomers of the mouth, in which are placed labrets, formed 
with a double head like a stud, either made of iyory and blue 
beads, of ivory alone, or of different kinds of stone, as steatite, 
porphyry, or greenstone.* The men of the Mackenzie t, and 
the women of Chamisso Island, j: in addition, pierce the sep- 
tum of the nose, through which they thrust the quill feathers 
of birds, or pieces of bone, or tubulose shells strung on stiff 
pieces of sinew. Both sexes at Prince William's Sound thus 
pierce the septum of the nose, but prefer the lower lip to the 
cheeks, and adopt two modes. The one consists in the under 
lip being slit or cut quite through, in the direction of the 
mouth, a little below the thick part. This incision, which is 
made even in children at the breast, is often aboye two inches 
long, and either by its natural retraction when the wound is 
fresh, or by the repetition of some artificial management, as^ 
stunes the true shape of lips, and becomes so large as to ad- 
mit of the passing of the tongue. This happened to be the 
case when the first person having this incision was seen by 
one of Captain Cook's party, who called out that the native 
had two mouths, which the immortal traveller observes it very 
much resembled. In this artificial mouth is placed a flat nar- 
row ornament, made chiefly of a solid shell or bone, cut into 
little narrow pieces like small teeth, almost down to the bone 
or thickest part, which has a small projecting portion at each 
end to support it in the divided lips, the cut part then appear- 
ing outward. The other mode is merely to perforate the 
lower lip in several places, when the ornaments consist of as 
many distinct shelly studs, whose points are pushed through 
the perforation ; the heads appear within the lip, as another 
row of teeth immediately under their own. Attached to the 
studs from below are suspended small strings of beads which 
hang down to the point of the chin. These are not removed 
80 easily as the lip ornaments, which are at pleasure displaced 
and replaced with the tongue. The Esquimaux of the Mac- 
kenzie valued the labrets so highly, as to decline parting with 
them ;§ while those of Prince William's and Kotzebue^s 



* Cook, Kotzebue, Franklin, Beechj. t Franklin. 

X Beechy. % Franklin. 



310 Mr Meikle on the Tkeofy of Parallel Lines. 

Sound, gave them freely,* regardless of the inconyenience of 
die saliva that flowed through the badly cicatrized orifiee 
oyer the chin, but rather laughed when one reyolted at the 
sight, and delighted in thrusting the tongue through the 
opening, at the same time, that they winked the eyes. Nof 
«re they particular what they substitute for the labrets. One' 
man, we are informed by Captain Ck>ok, appeared before hiti 
with two iron nails projecting from them, like prongs ; and 
another endeavoured to make a large brass button answer the 
purpose of a labret.t Through the septum of the nose, awUy 
and large cod-fish hooks are thrust, and tJie women appro- 
priate ear-rings and thimbles as decorations to their dress.^ 
The perforations are made at the age of manhood, by an in- 
cision sufficiently large to adniit a quill, about half an inch 
below the corners of the mouth, which has the effect of de* 
pressing the under lip, and keeping the mouth (^n.§ The 
orifice is enlarged from year to year, until it reaches half an 
inch in diameter ; and in more advanced years, is not unire- 
^uently of a much larg^ sIec. Captain Beechy obtained 
firom a native of Schismareff Inlet a finely polished jade 
that was three inches in length by an inch and a half in 
width* For some time after the operation has been perform- 
ed, it is necessary to turn the cylindrical pieces of ivory 
frequently, that they may not adhere to the festering flesh. 
In time, this action becomes as habitual to them, as that of 
turning the mustaches is to a Mussulman.] 



On the Theory of Parallel Lines. By H^NRt M bi&lb, 
Esq. A.M. Comnlunicated by the Author, 

Dttring "the long succession of ages whicli have elapsed sirice ibe <>tri^ 
of geometry, many attempts have been made and tre&tiises written, 
though with little success, to demonstrate the impoitant lhe<»^m which 
Euclid, haying failed to prove, has styled his 12th Axiom, and whicli 
IB nearly equivalent to assuming that the three angles of every triangle 
amount to two right angles. Among the more distingui^ed lind et- 
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tenrire writers on the subject in oar own tunes, maj be reckoned M. 
Legendre in bis Elementiy ft&d in the Memoire» de VAeadeane^ «s ofiMf 
noticed ; and Colonel T. Perronet Thompson^ in his '^ Qeometry without 
Axioms^" and in his more recent tract proposing a proof by help of the 
logaritfamic spiral. To the former of his treatises. Colonel Tbomp0Ott 
baff appended critical notices of thirty of the more plaastble metbodl 
whicb have, at very different times, been given by other suihors M 
demonstrations. His criticisms^ though neither always the first whicb 
have been made on these methods,* nor yet all new, are generaly jtist^ 
and even fatal to them. He strongly objects, though rather metaphysi- 
cally, to employing infinite quantities, as is done by M. Bertrand, who 
reasons upon a numerous set of areas, each of which is of infinite mag- 
nitude, and such that, while on one side it has no limit of any kind, it 
is, on other sides, bounded by infinite lines stretching inuneasurably 
beyond liie fixed stars. But, from other and more elementary consi- 
derations, I shall afterwards briefly shew Bertrand's method to be a 
complete failure. Colonel Thompson himself, however, does not seem 
to have been aware that, in his own attempt at a sort of mechanical 
demonstration, in which he supposes a straight line to preserve its 
parallelism whilst '* travelling'^ laterally, no finite line could suffice for 
such " travelling fine." Again, in calling in the aid of the logarithmic 
epiral, he has assumed that triangles formed partly of unequally curved 
arcs of that spiral, and partly of arcs of unequal circles, are equal to 
one another, and identical with rectilinear triangles. This, like most of 
the attempts on Euclid's axiom, evidently assumes far more than the 
whole thing to be proved. Nay, supposing the curved sides of those 
triangles were of the same lengths as if formed of straight lines, it would 
etin be necessary to prove, what is not even true, that itieir angles are 
the same. But these are by no means liie only objections to which his 
demonstrations are liable. 

Much of the form of the present essay has been adopted with a view 
to brevity ; various minute and commonplace details are omitted which 
^"veisy tyro can readily supply, and occasionally some abbreviations and 
modes of reasoning are adopted, which, though not very common at that 
fltage of geometry, are well known, and have no dependence on what is 
to be proved. But independently of this, Hie question is here treated 
ui a very difierent manner from anything I had previously met with on 

— • — ■ — ** ■ *■■ *- -^ 

* For. instance, in the Philosophical Magasine for December 1833, 1 had greatly 
anticipated him in refuting the 30th, or Mr Ivory's,. method; for I have theM 
shewn that it depends on the very liberal assumption that four straight lines magr 
always be made to jneet round any given polygon, so as completely to inclose it^ 
let it have ever so many sides : which is Us more compUcated and Use evident 
than Buiclid's axiom. 
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iluB sabject. For, so fiur as I am aware, it had not till now been shewn 
that> if> in so much as one triangle, the sum of the angles differed firom 
180°, a definite relation behoved to subsist between the areas and angles 
of all triangles. It is to be hoped that such a relation^ which I have 
here deduced from that supposition, and endeavoured to follow it up 
to an absurdity, may yet lead to other and preferable modes of de- 
monstration. 

Pbop. I. Triangles, whose areas are equal, have the sums of their 
angles equal. 

Fig. 1. Fig. s. 
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Com 1. To prove this of any two triangles, A B C^ D E F, which have 
their bases equal, as well as their areas ; bisect A B, B C in G and H, 
and to GH or its extension draw the perpendiculars AX, BK^ CL. 
Then the triangles A I G, B K G^ having two angles and a corresponding 
side respectively equal, are (Eucl. i, 2&) every way equal ; and for the 
like reason, the triangles B K H^ C L H, are equal. Hence, the triangle 
ABC is equal to the quadrilateral AILC, and its three angles are 
equal to the two angles I A C, ACL. 

The three perpendiculars drawn to I L have in effect been proved to 
be equal ; and in the same way as it has been shewn of A B C^ every 
other triangle which could have A C for a base^ and whose sides would be 
bisected by G H produced, if necessary^ must have its perpendiculars 
which are drawn to this bisecting line, as well as its area^ and sum of angles 
respectively, equal to those of ABC. Bisect, therefore, I L in M, and 
on it erect the perpendicular M N =: A I ; join AN, N C, cutting I L 
in and P. Then, nearly in the same way as above, the triangles A I O, 
N M 0, N M P, CLP, bebg found equal, first in pairs, and then all 
four ; the triangle A N C is isosceles, and has its area equal to A I L C = 
ABC, and its three angles equal to the same two angles as before, or 
to the three angles of A B C. 

In like manner^ construct an isosceles triangle D Q F = D E F. Then 
the areas and bases of the two isosceles triangles A N C, D Q F, being 
respectively equal, there is no alternative but their angles must agree ; 
for otherwise^ a copy of the one triangle being constructed on the base 
of the other, their areas behoved to differ. Consequently, the triangles 
A B C^ D E F, have the sums of their angles equal. 
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Caie 2. When ABC, D £ F (figs. 1 & 3) are any two equal triangles 
^hich have no equal bases; bisect DE, Fig>. 8. 

F£ in G, H ; and let ABC be the triangle 
which has the greatest side; then an arc 
having D as a centre, and a radius equal to 
half that side of A B C, will meet G H or its 
extension in some point I. Produce DI 
to double its length in K, join F E meeting 
GH in O, and to GH draw the perpen- 
diculars DL, FM, K N. Then^ as remarked 
above, D L = F M, and therefore, the triangles D I L, KIN, having 
two angles anil a corresponding side respectivelj equal, we have also 
KN=:DL=:FM; and since, therefore, the triangles END, FMO, 
have likewise two angles and a corresponding side equal, L M bisects 
F K in O. Hence, as noticed under the first case, the triangle D E F 
has its area and the sum of its angles equal to those of D £ F, since 
fheir sides are bisected by the same line. Again, by the first case, the 
triangles D K F, ABC, have the sums of their angles equal ; for D K 
is equal to one side of A B C, and their areas are equal. Consequently, 
any two triangles ABC, D E F, whose areas are equal, have the sums 
of iheir angles equal. 

Pbop. n. If, in one triangle, the sum of the angles difibred from 18(P» 
so it would in every triangle ; the difference ^ig, 4. 

would always have the same sign, and be pro- 
portional to the area. 

C(ue 1. Let A B C be a triangle whose angles, 
if possible, fall short of 180°, and let its area 
be bisected by B D. Then each of these halves 
will (Prop. 1.) have the same amount of angles ; 
but whether they were halves or unequal a" 
parts, thcfir six angles would evidently be equal to the three angles of 

ABC, together with 180'' at thej>oint D : so that, the six angles of the 
two parts will always be less than 360° by the same quantity that the 
three angles of A B C are less than 180°. Consequently, the defect of 
half the sum of the six from 180° will just be half the defect of the three 
angles of ABC from 180°. In the same way, if B £ bisect the area 

ABD, the angular defect of each part from 180° will be half of the de- 
fect for A B D, or one- fourth of that for A B C ; and so on, for the con- 
tinual bisection of the whole till each part be less than any g^ven area. 

But however unequal the two parts may be into which any one of such 
Insecting lines divides the whole or a part of the area ABC, Ihe same rela- 
tion will still subsist. For when the several parts of the areas and of the 
angular defects are proportional, so must any corresponding sums of such 
parts. Thus area E B C will be proportional to its angular defect. 
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Qpe or more ofthe foresaid 9ilft9p{ A 90 (if bkh Iv^f % tMf affW 9^ 
pprtional to their angular d^^t^) i| mf4^ tO ^ MM A S Q i 89 tM» 
a^^ A B F will likewise be B^PPflrtittBlri U> i^ mgl^ 4^<^ SWM 
i<i ^very triangle, the area ae4 4i9 M^dii 4l&ct t|l]9¥ t}l9 iMtt |Mr 
pcffUop.* 

Ca^ 2. In the same way, it 9i«F bft 41999 tMii If «l lli>«Hd» M 
the sum of its angles greater ji^m IW^« «<^ W«Nild SPr W 9^91^ ^9^ tW 
the exoess (as in spherics) w^^ ^ F90^«rtl«ial>9 419 af^ 

SgjIovifM' SiI|0flit9O^^/|ti^po|9|;K94yy>§9hewl^^ff^.«^ 
99 w^fl ^TOiy Qtlw lit i* 0b^«» fti^, le f98PII«t of |6a%^qpy ^Mfik 

lwtiiefi)ifVQfitaiM»sl^c4^Mm«^i)4i ¥^^ All 

^^Tf «<» «fl?«i^ )ui9W9 mfM^ i)f ]Nf«^^mg ti^ tte fl)R fm i^VNT 

iHI tfa^ i| ^9n fl9¥« 1)9 1999. Tbpii. ik|C9|li^7«?f9«i4iDi«llt^.fti 
9R9UAtof§o«iptW«tfii^of|i>4iiM£^ IP/9 9i99tfiraj9lBeie9i(||ilMii 
tm to te 9 W B9 Me 9hqrt Qf 1S0% i|a4 7^ ^^^P^^m ^M^Sfii'l^ ^ tft 
9^080^ t?ifi n^es WiH^lj^ b^« b99B tbw^hf 9ltf r94> ^ PXI9d9«9#i WJU <^ 
tinue to meet, forming a still greater triangle ; it yit ^H^/^f^ ^i^ l^ 
axiom is equivalent to assuming that the tiiree angles of even the great- 

position, too, would follow ft« IKWW!^ 9f At &n4 OSi^ tf ^W ^ Wft 
differed from 180*. 



Prop. HL The three ajy^i p{ ^yi^ imN^ 9n •tWl ta tjf^Bi^* 
angles. 

if--i /\\ dmd9 it iiite thlf# eq^ri triiiigiw, eiok 

li^vpng Ml luM^ i»f 390^ «l «h^ |H»ifil A 
Pcp^iMw A» BO tft » mmI f , niaU^ 
AB 1^ ap iH^AOi jmAP. 71m» 
eacbpftlmaaglBt AOF, BAF iarngm 
imimi m ws^mI /of ADG» evo^eds thto oirtaiM imi^ Hmn a AX 
«ma4i AO. irlUlat E9 Mi« gififtte thM A^, ip Sim gpeftte «M 
ovtrndteAS. Ptodu^e B D to bisaot A in O, and S F ja H. Lottb* 
lioM KL, KMf Mdhjtfwhlch is equal AB,temMiaag}«Aqi»^tohidl 
thehaabMiglp, wfaiAany ^qirfl«to?al tffwna^eaaaciw bai»i teaa]M# 
ai na tva aidea itf aa aqwlateivl tsiaagla eaa qoh^h^ » am ataig^t 




itf Mgto n^uat bftTft ftMnA iMgiutiid«> and ihesefiuns so wst ^ «Mft- 



* Althoiig[h, strictly speddng^ such reasoning }8. gnly sp^Hcable to cqQ^iienisr- 
■ble sTMs, It li mors than sufflotenlly geaenl and exaet for the present plorpdai.' ' 
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BA3^uiir^^t»A9t«B4 SS^ii(««gMfu«liie|iiwitiiii|^tliiiii49«wit 
^fV»S tPSW^ A(it i? 6 S> ^^f^ieoi ]$ A> msse^ it viHba tike gifiital 
Oik 1^ ft fe^afiff 1# iwNw ^4l99 £rA 0r BH&r MicitbaBn^ej loilial 
tlie quadiilateral A K ii Q wiU te mi^ IpUHl MfMikbls nf caataliiaiif tiie 
||illMd# ¥ ]^N^ li^4 8Q vi9 ft« Aqilia qiiadrlkters) F H a Hlaalso 
MiMit ^i^ 1)F ifii^fm^J ilieraAei^g I>S, D F bj pafte ^ach equal 
^9« «id4|i|rtag ttiiov lui^a to joi^ tii^ir 0acitiremitie9> tbe triangle E D F 
•Mf^ l>e Jitow«Md t» OKtaed aof |^y6b af»a, for it would thereby acquire 
tm «B)iipited awnber /EyTiBoreiiMBts eiii;h gveater than area K L 3|i. But 
|ta99 triwglebad t&o sum elite an^es less than 180° by the nt)i p^ of 
Ikat ^jBaati^^ aaather triangle vhose aiea is n times as gzea^i vfOgpUi 
^rep. II.) hifTQ no angles at all, which is absurd, and more espf c^ally 
ii ti« pres^ ease^ where angle A D C is coasidencble. 

Baokliefaig a dedoetion from tlie premises in F!rop. il., shews 't^iat 1^ 
angles of a triangle can never be less than 180^| which is equhralen| to 
f t a^iu g Sncfidfs i2th Axiom, iiie one bein^ so easQy deduced from the 
•tiiPPii But If oBe triangle had Its angles mater than 180^ by an ntj^ 
fttfty aaotkeP witose area is hall ef n times as ^eat, would (Prop. H.] 
iMwe lis aagies equal to ^(fi \ and, consequently^ some two <^ theif 
veuld lOMnHt to at least i86^, which (EucHd i. i7} is impossible^ 
BsBMy tiMre is no tr£an^le whose angles exceed 180" ; and^ l£erefere; 
tiki 4hree a&gles ef every triangle are jtist eoual to 18^i 

Tk% ei|«ikitoiai triangle in Fi^. 5 might have been omitted^ and a 
ilgit aB^ «se4 ftr A }>C^ hut tiiat wwidd searcely have conduced to 
fs ea to r toe^rlty er simplidty. If ai^thing could be reclconed to hayer 

e, it wocdd be that the sum of tlie angles of a triangle 

iaappredable or^o smaH that it could not be multipHed'^tO' 

#aa^gWefi angle. Butif this cannot be regarded a? abeady sel^ 

eridaiit, yet the assumption absolutely necessary here to complete |be 

^ weald be smaller tiian any that could be assigned; and. th^re- 

Bseftd*B assumption of the angles of a triangle amountins: to 180^ 

wMikl ecceed tiie amount required here, in a iatio greater tium anj l^at 

aitald be.«sslgned. Thss, whatever part of tiie 180^ were supposed fcr 

h& neeess a iy here as tiie least sum of tiie angles ; for example/thqugh ^ 

were only tiie milUontii> bSfiipnth^ or any otiier assigned part> i^ stm 

sBuAer would obviously suffice. Under Ihe anticipated objeption, ^erer 

fore, tiie i^estion would stifl be reduced within 11^)1^ Incomparf^lj^ 9^- 

TC^wer tiian^ so* fbr as I am aware, it had ev^r b^en t>efore ^ esp^cj^Uj 

tlnce most of the authors who have atten^pted |t, i^suine moi^ tlua' 

Sueiid assumes. 

i shafi now endeavour to examine tiie profbs8e<tty direct demonstra* 

depending on infinite quantities^ as employed by Bertrand, In his' 

i dk la ParHe Btementaire de» Su^emat^ues, and by liC-' 
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geiidie, JftfrnotrM de VAeadmAt^ tome ziL p, 967 f (an elaborate essay, 'Intt 
seems to haye escaped the notice of CoL Thompson). It will be fomid 
that these iUnstrioas geometers hare assumed the whole that was to be 
pxoTed. The following is a theorem of "Legendre : — ^If the indefinite 
straight lines AC, B D, (Fig. 6) be both perpendicobr to A B^ and. if 
from any 'point N in B D we draw N M perpendicular to A C^ then 
JNf M will be equal A B and perpendicular to B D. 

Draw NI bisecting AB in I andmeeting AG in P, and produce it 

m NQ = NP. Draw also the indefinite 
Hne QY, making angle NQY = PNI>, 
and produce M N to meet Y Q in G. FroiB 
these premises, M. Legendre readily proves 
that the triangles PI A, BNI are equals 
and, consequently, that area D B A C =: 
DNPC; and that angle CPN + PND = 
DNQ + NQY = CPQ + PQY = 180° As readily does he prove 
the triangles PNM^ NQQ tobe equal, and therefore area Y Q P C = 
YGMC. 

When any two indefinite straight lines — such as N D, P — ^malce^ 
with the same side of a third straight line, P N, the two interior angles 
CPN, PND equal to 180°, Legendre caUs the figure DNPC a 
biangle. Now it is evident that in the above construction we have other 
four biangle». But, unfortunately, through some sad oversight, M. 
Legendre in effect m&kes it to contain one or two besides. Thus^ with* 
out having proved anything whatever regarding the value of angle 
M N D, he not only calls C M N D a biangle, but reasons upon it as 
such, or as having two right angles, which obviously is the same as just 
at once assuming M N D = OO*" ; and it is on thb ground he eondudes 
that M N = A B. Then, by reataning in a eirde from this condusion, ho 
proves what, as just stated, he had already assumed, namely, that M N D 
=; 90^ The direct demonstration of Legendre is, therefore, a total 
fulure. 

But since area CMND is less than DNQY by the sum of the tri-* 
angles P N M, G N Q, the angle G N D cannot be acute ; because then 
CMND, instead of being less than DNQY, would exceed it by the 
infinite area of an angle equal to the excess of angle M N D over G N D, 
which la. absurd. Were reasoning upon infinite quantities liable to no 
objection, this absurdity obviously would amount to an indirect proof 
that the angles of the quadrilateral A B N M cannot be less than 360% or 
that those of a triangle cannot be less than 180*. 

MM. Bertrand and Legendre regard a biangle as an infinite foea of 
the first order, and maintain that it bears no proportion to, and so coul4 
never by repeated subtraction exhaust the area of an angle^ whicfi they 
reckon an infinite of the second c^er. But I shall now shew that this 
doctrine, which is the foundation of Bertrand's demonstration^ can only 
be maintained on the assumption that the angles oia, triangle amount to. 
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180^> or those of a qnadrilateral to 360^9 which is just the whole iffaa to 
he proved. ForletEFH (Fig. 7) hea right aagle^ and HFKL a 
Fig. 7. hiangle every way equal to CAB D (Fig. 6) and 

which will also he equal to area G M N D, if, as 
Legendre tesumes, the angle M N D = 90^. In 
that case, too^ the area £ K L would he just as great 
as the ori^al area £ F H, and the rest of the pro- 
cess would seem equally satisfiictory* 

But if angle B N M he acute, and of course 
V "It M N D ohtuse^ it is easy to shew how an area equal 

to O M N D, or one much less, may be taken from E F H, so as to 
dimimsh that infinite area, and, by repetition, exhaust it altogether*' 
Thus, whether F K be taken as great as M N, or in any ratio less, if we 
only make angle E K L equal to the acute angle G N D, the area HFKL 
may be equal to or much less than M N D, and yet the area E K L 
wiU evidently be less than area E F H in the same ratio that the acute 
angle E K L is less than E F H« Draw FY, making angle HF V == 
L K E ; then the sum of the angles H F Y, F Y L will evidently exceed 
the sum of HF K, F KL by whatever the three angles of the triangle 
F V K want of 180** ; for if in one case the angles are deficient, so 
(Prop. II.) they must in every other. If, therefore, K O be taken of any 
magnitude not exceeding F Y, and angle K O R be made equal F Y L, 
the difference between- angle E O R and E K L will exceed the 
difPerence between EEL and E F H by whatever the three angles 
of F Y K want of 180°. Hence, by continuiQg the like construction, the 
residuury angles which the upper sides of the successive lines make with 
E F, will continually decrease with increasing differences, till they vanish 
altogether, and thereby exhaust the whole area E F H. Thus, Ber- 
tfand's fiunous demonstration fiuls entirely, unless we first assume that 
^e angles of every triangle amount to at least 180^ 

Another demonstration by Bertrand, and which, like the two just 

noticed, is highly commended by Legendre, amoimts to this: Since 

the entire indefinite area around a point A, only differs from the sum 

of the infinite areas of the exterior angles DAE, E B F, F D of any 

*^«' 8- triangle A B C, by the finite area of that 

triangle itself; which is supposed to bear 
no proportion to the indefinite area of the 
plaue ; it is, therefore, concluded that the 
sum of the angles qroQnd the point A is 
just equal to the sum of these exterior 
angles. But such reasoning, in this case, 
is as faulty as in the two preceding, where 
the doctrine that a finite quantity has no 
effect on an infinite, was found to faai,. 
unless we first assumed the very thing to be proved, that the angles of a 
triangle cannot be' less than 180% For if they may be less, produce AC 

\ 
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tU FraMfeto Bdimhl FortaN bn the I4fki O&mM on 



BOB, OBB witteMe«il6(f fe#Wliirt^4rl3ifelifM«ljpe8«flMlilB 
ingl^ A.B€ ftU IMdH «f iMTf «Mii cnmmaMi^i after thd fiMte aiea 
^ B G liM BMI Mem ftoii «ie kiinM E A G^ faMtod of ihe Temainder 
BBOQ bnil^ itilt ^ul t» or kM «iu« «MiSAG, it wffl exceed 
tew BBH fld J^ABihf Mom tftti ilM tninlle i^ia of ftn angle &B I 
^^Mafi'Uii d«Mi 6f the ih#ed aMgM«r AB€I fMm 18(r. 

This absurdi^j IrUe il dtowv tlw Mla^itf «e IdAot veaMnwIg, 
wmM Aaohaft, ai ta the foMi^l ^ka4§ W aA iiMllect proof that the an^ 
ftf a triMigle omdol M leiB «nD lib% WM0 tt icfll thsi Che i^astoi 
•lUi MiTalyM ifafinite qiMtilMs^ #lMi we 1i4t« ji»t Men are 4#f ti I 
lead the greilieit of 9(R>itfirtiMt 

tniHhitkn of Ureai iritains FrUay ^vemng, the i^ ^^^* 

ar^ 1844. % £dwmd Forbbi , FX.J3.4 MMA^ bo. Fni* 

. Bati Kiiig'« GoUeg«, Londoni Oommimteiited by tHi 

Altoiii th« Iniddli ST tfas lltoi (Mntin^ oBVtalii ItB&tii ftk««« 
Mli0l6* SMghl to «tplaid the fafafif^itleftt aiid ifiipoimm «f 

fl^gattid t^m^u^ k th^ fetrata 6f thei^ cotmtify, by iA fit- 

kminaiioh of tbe digtribution oi living bekigs on tte bed ol 
the Adriatio Sea. The|^ sou^t m ihe bM of Ae. {tfMMrt 
•on fi^ aft »f»lMiati(«a of Hbm pbiikMnfieifa proientad t^ ikn 
upheaved beds of flMl«r ftdfld« Th« hl8Wffltefi% By ffiWfll ^ 
WMidh tlt^ ^fidti^ted thdi^ t^S^aMheS, Wftd 11l8 tmiitt6ii 
dyMer-dfedgfe. The Ws\iH» thej^ otiained boi'e knpoi^antl/ 
oh Greology ; bui «iiiee tbeir time, little hae bee& do&e in the. 
same line of ro8eaFc^i^:«>th€^.g#ola||i8t has been ftdly occupied 
aibote TTaterf and tttnaltvliliit \M pursued his studies with 
M too Mtti6 nllH*§fite Id m^ b^krin^ on geological ques- 
ttdfaM, ftlia <m th^ hi^Oi^ of ftnitt&ld and.phoifs i^ time. The 
df ^dgd, When lisedi ^std been almost entirely rclstridted to the 
search after rare animals, by the more adventurous among 
sBOokgists^ 

Ooivittoed tltM iu^uiiM 9f ih# kind refined to, if con- 
dMI^ iHtih^qtiU f e^dae t5 Ail the natural history sciences, 

* MAiwU BBd JMi*U, ilid 4IM tela MdaiiL 



\^ 



^Ml^ ijf iSMMMiM R»mMk9$, ^Sm 



t^ ^VitA fmfih ^otAkm^ rabmime Midlup&«^ hj m«tai 
df dl^ jMig^i In tb« preset iK»limilidatidn$ I aMl gin It 
JiM «cdOu6t of mfW «if thd molrd reitt«%:ab}e faets itnd eto^ 
Oln&iWfi til 'MlMi^ll^ bavH l«d) and m bmfljr pourt oiit.adi' 
4hii icietidA (tf geoldgyi . 



tM »^ fcfl^T^Mi^ «/7d«i^ Mwr in certain p^rii^ mx^BJBrdUtg t9 iM 

9»0h p99pMl bg iU p9tidMr iitMMmni9^«'»^yvtj peraoA who 
bis l¥ldfefd b«twMi higii laid kr^ mratfeiMnartai « tiie iBrkiah 
amtS) wk#tt Ib^ iicte TMta tmt, itmilt bay^ obwrrvd, tKat tbd 
Miffiftlfett^ ^i^te ^M9iidl khaUt tkat Jpade, do ndt Im im 
att pam Htf il oBkO) b^t ttet pArlioiilar kiiub t-eaek 00]^ td 
ierttte diiMiiOM frMi Sta axlfei^tiM l^iii ihe spaoMi 4l 
j^ttH^iilft afa ttM with Oldy at iha Val7 marj^ of Ugh IraMf 
Aaftfidmg wi& X^n^T^Hft ^m'khitfmii fend 9mmHH9^ V^hiMm 
M, ^Mn fubM, Bitimiii &o. ( and amijiig l2ia pimstsi the .yal« 
k^ i!hsmdfm cHepw {Gurr^edH, or loeiafad ma» itf tibid Aoj^K 
aMl ^rvliyNi oJMtmUiit Theaa Are aiiceeadcd bjr tfthte fslrma 
tf ataimafe tod piabt% sadi ^IMmrAm lim^A% Pmrpwm bqrih 
Ai^ T^^Ms iHniin99^ Fwpkjfft tti%tnmd (Laf er, fllofai)) and 
9i^« Tmerafdft t&a a^gib of low watcTrl^^^Vi ^1^^ 
iSM^ «W/tm^ Md «bd DulHtij iMtfc<b)li^iiiH» pMnmiUi^iiSL nd* 
ml»ntii Boopl^s add Atoidiab ^cdliiws^ indiapte a thtfd 
bl4t of JM}| tottM(Mdv hdwatar, ftiV^ tha t^ atboiSi bgr «^ 
ttfft cfMte a«»Mo^ i§^ thifaay im^ aa Fatm^ twi^Mii «ad 
JOMffJli #fMIII». ^h«M ittb«divkidtiil ^ Aa aaa^b^d^ aat^ 
poiad iit abllMJd6) fa^ya lohg attt*at»tad attaatioa on tiieaoaatrt 
(ff mr oira cM&tPjf, and 0tt ifioae 6f Ffabc^/whara tbay 
bate batBa dMefted ¥y Audbtiin lklid>Mti4^ Sd^aHsi and of 
ItaN^y ) whiM fhal a€Mi#ablo 9bi9irfai> <8aM \m doflhad tiiom 

with^eat accuracy. 

Now this subdivision of the tract between tide-marks into 
ism%^ tSS&m\\Vt^, \i a )*epf^i^6MMim id fflfaiftt^M of the 
entire bed of tbe sea. Tbe result of my obsefVatidlil^, ftMtt 
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in the British seafl,* and more lately in the .£gean, has been 
to define a series of zones or regions in depth, and to ascer- 
tain gpedficaUjf the animal and vegetable inhabitants of each. 
Regarding the tract between tide-marks as one region, which 
I have termed the Littoral Zane^ we find a series of equiva- 
lent regions, succeeding it in depth. In the British seas, the 
littoral zone is succeeded by the region of Laminarise, filled 
by forests of broad-leaved Fuci, among which live some of the 
most brilliantly coloured and elegant inhabitants of the ocean. 
This is the chosen habitat of Lacunee, of BisaotBy and of Nu-* 
tUbranehaus mollusca. A belt generally of mud or gravel, in 
which numerous bivalve mollusca live, intervenes between the 
laminarian zone (in which the Flora of the sea appears to 
have its maximum^ and the region of Corallines, which, 
ranging from a depth of from 20 to 40 fathoms, abounds 
in beautiful flexible zoophytes and in numerous qpecies of 
Mollusca and Crustacea, to be procured only by means of 
the dredge. The great banks of Monomyarious Mollusca^ 
which occur in many districts of the Northern Seas, are for the 
most part included in this region, and afford the zoologist his 
richest treasures. Deeper still is a region as yet but little 
explored, from which we draw up the more massy corals 
found on our shores, accompanied by shellfish of tiie class 
Brachiopodcu In the Eastern Mediterranean (where, through 
the invaluable assistance afibrded by Captain Graves, and the 
Mediterranean Survey, I have been enabled to define the re- 
gions in depth, to an extent, and with a precision which, 
without similar aid, cannot be hoped for in the British seas), 
betw^n the surface and the depth of 230 fathoms, the lowest 
point I had an opportunity of examining, there are eight well- 
defined zones, corresponding in part, and presenting similar 
characters with those which I have enumerated as presented 
by the sea-bed in the North. The details of these will be 
given in the forthcoming volume of the Transactions of the 



* The first notice of these was published in the Edinburgh Academic 
Annual for 1840. 
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British Association, to which body I had the honour of pre<» 
senting a report on the subject, at the last meeting. 

When we examine the distribution and association of or< 
ganic remains, in the upheaved beds of tertiary seas, we find 
the zones of depth as evident as they are in the present ocean. 
I have proved this to my own satisfaction, by a minute com- 
parison of the newer Pliocene strata of Rhodes, where that 
formation attains a great thickness, with the present state of 
the neighbouring sea, and carrying on the comparison through 
the more recent tertiaries with the more anci^it, have found 
indubitable evidences of the same phenomena. The strata 
of the cretaceous system yield similar evidences, and doubt- 
less, in all time, the element of depth exercised a most im- 
portant influence in regulating the distribution of animal life 
in the sea. If so, as our researches extend, we may hope 
eventually to ascertain the probable depth, or, at any rate, 
the region of depth, in which a given stratum containing or- 
ganic remains was deposited. Every geologist will at once 
admit, that such a result would contribute materially to the 
history of sedimentary formations, and to the progress of 
geological science^ 

II. The number of species is much less in the lower jgones 
than in the upper. Vegetables disappear below a certain depths 
and the diminution in the number of animal species indicates 
a zero not far distant. — This conclusion is founded on my 
.£gean researches. Vegetables become fewer and fewer in 
the lower zones ; and dwindle to a angle species, — a nulli- 
pora, at the depth of 100 fitthoms. Although the lower 
zones have a much greater vertical range than the higher, 
the number of animal species is infinitely greater in the lat* 
ter. The lowest region (the 8th) in the Mediterranean, ex- 
ceeds in extent all the other regions together ; yet its fauna is 
comparatively small, and at the lowest portion explored, the 
number of species of testacea found was only eight. In the 
littoral zone, there were above 150 species. We may fairly 
infer, then, that as there is a zero of vegetable |ife, so is there 
one of animal life. In the sea, the vertical range of animals 
is greater than that of vegetables ; — on the land, the reverse 



Ml Profefisdr SdWltfd FdfbteS &n rA# L^ht ihranm on 

11 I9id MM. the geeldglcil A]pplfe&tioii of ^ ^t, (y^ & MfO 
of lifb in ttl^ dc*t;aii, ijk eVidtoi At! d^pOsit^ t^titi&A b^loW 
fh&t idfo, Win be ¥did, tt kliueftt ttrifl, df «^nte 6cAit^hts. 
^6 gfeftfel* paft tf the i^a i^ fk^ dl^ef^i^ tilan ii« point 2et0( 
<!Mft^iieiitly, ttktd greatef pAft bf d^pbidtd Ib^lig', wffi b6 
Void of di'^hi f^indn^. tienee Wd hftVe )ld rigUt td ikf^f tfemft 
ifijr i$§diiii6ntaty l6hiitttiM, lii Whieh ^e tidd !fe# tr 1^ modfii 
tf Uliifllai Itfe^ Wd6 Ibftti^ dtb^i* teibre Irfdlil^ tr6ii§ W6I^ 
tt iiidktiifie iriteft t&dBtt Wni kft p)^}ifid in lif& thdB it u5W 
l§; // ^hi *dt\i hteHfioHhibd ih a nitfp iieip kta. And th&t 
Mift liUfi ttie ca§« ih fegbM to sdi&e »f ddf dld^ f dekd, 8il»h 
ai a« gl^^ttt ^l&tM, id tehd^fed the fiddle pMb%bli§^ s^Miig tli&t 
tJl§ ftW foiifiik W@ Bhd m tb^nl^ b^ldUg t6 tril)«S 1^^, ttt pfd^ 
lefit) biV^ Ihd^ Itilcdnltliki il& tibe iMr^ t^^oM 5f iiiiiiiia lift» 
iai3b aitbls Bi^ac^^idpoda, tbd Ptei^poda, bf Whidi, tfibn^ fr^ 
■WbU&^fs te ih^ bcefiii, tbid iHifildillt at!6ttmtild,te only hi ttitf 
A^^ d^pbsitd; The tipp^^odt d^bsttb, ihiM it iMtiidl df» 
gft^d ^^nitiiis Wotild be M6§t abt^ddHt^ ai*d thc^ tdbst IfaMd 
Id diiMLppettf, k eonseqneil<i& of thtf Q^Mfoyidg Hi^ibfi df dbtittd= 
dtlolh Th^ gi^at land kimblst iidiifossUifefbaS iStfatii c^ i^esi- 
glia, which form so large a part of the south bf Stfrc^d dUd bf 
Western Asia, were probably, for the most part, formed be- 
l^f tba t^b tif M. 1^ few fbs§fi# ibey t^tidi!, Tibieifly 
a^mfign^lM) ec^rf dpdnd tb th(^ ibfaffitfilf^li wbieb BdWdllDtifid 
Abidy In fh6 IbwdlK Kgidn bf JHtifH^ls; ThbfS is 1i6 bcM^ 

sldft «b aiitlbuf^ tb met^^b^c ftt^on ibb ftbsefii»d fH teibed 

of liliSf btiig^ ifi S6dl l*M)ili. 



IHt jR>e H i Wlitl ^ 4fmHhm^fMt^of%nmmU€Mipl§nfiU 

Mt ^nk mmte m aU $A9 nmi tfftfgffA, dm mc^am eMwr 

tim of «^«« in t^e Utt^ai ited lb IfiAl iao6l AlirMbrisfSb 
of tho gedgfttphidiftl I^M we ftf^ »|^bl4ig« Ml IBe l^Wtf 
aMfestem titoiP^tllAd radflMKi iftedlied -by ftt« fieftilte 
of ispefeies Wllidi# in ffic^e tib^ttlMI fe^ili) im (%IM§i» 
i0lfo ^ tite ilittolral MflSfek 01 c%lllfl#, fbifl remML^if^eH wty 
to tiie tM^kMtk bMiUphbi^ ; liib^, frbM «liM§ty$ W^ ^ 
ettpe«l to find sa^h m^tf^ tbb btt^ lOso to ^ tlMtb^M; 
TM taw, put in lk6 «tMllJPact, appdftfl tobe, tliat jMrfMlMl lii 



Adiuift^Mi Mm jflliiiK jBUfc'ifci n JfiiM •til Aral ii 'Mfltt 

a weIl-kno#ii Uk# M Hie ffilMtmtitM tif t^HrenSitridl iftfgaXite 
beings, viz. that paralleis in elevation are equivalent to parol' 
AMI M mtrntOi } ftfiP «l:^mf9ef) hi we aicMd )aaoa{ktCd&9 in 4ro- 
|^«il dMttla^l^i We fi&4 ^ MeeiAsltd MHi (^ tegefeH^Ml 
BMW IM fii^!^ d(M&^n M §5tltii6i9i (ftbdHMii^^ to H^ ll§fllH 

flpii^pe) Ifi «Ktod6i^; iHtlifef by identfty toff g^^cft^^ <» b|f fi^ 

fl0l66fifl; Wd fibd ft itelll&i' ^efi^§Mlil6itiefi ^ SbiiiMfr ift^fft* 
MlAi bf UtitoM U «^. Tfie t>§iiAbai^ ni mOk « f6j^il< 
t^ta^ffil hm b^§e& &yiM9ffidiMllb|' M«iti^t§a ^ f dfftifl «d 

^ liniMf dSMi Til ffi@ il Ms 66€il A gf^lif f teMiif^ l§ OW^ 

thd Itirt ^ iMb tt fejpfeiiUfivlfeii Hits M impcMI^Btge^togittii 
t^tt6tftfd&« It Warm m tkitt 40. tlbMfcai Mtod&^iNi ^Miwfi 
tt9tA tbd utttilNif irfT aui'thiHrii f^nhOB itt '(rttato ^t^tifaiiQ^ 
tMMmblggdi df mgta&i rm&Bsm, m^ kHa&^mi \Mm» tho .e}#> 
UMit (ff depfli be ^trites iaioeoiiadercitic^i Ssttbe isfilnsde 
ef that ek&ieiit cnvii ascigftaitied (ahfl I bnre dftedjr dMm 
4he j^eefAbili^ ef deing eo)^ diur infetanees aeslidli a ndcie ie 
tilAA Oh^f draldnot otbennse ^^iretend. la Hkm wd|P| I haire 
Be d#Bb^ tibe j^^eoublge test of Mr hfeli wffl beeeoie one 
eftbe mtot inqrMtafei aids In ge^kgj ai^ fiaitwal Imigaifig^ 
il^fdly. J ftach ift ^ft^ ttie medt TilnAible eoa^usieM Id w^hMi 
I trtited bjr tbe rectaetio^ of i&gr ebfi^vations » Ae JBgeaoi 
i4NM attah^ throt^ the elaployiaent of Ifr Lyell'e method. 

IV. All varieties of sea-bottoni are not equally capable of 
§miminm0 animal and ve;getable /|^i?.— In all the zones of 
dei^theve'we eeoasiona% more or less desert tracts, usually 
ef eaad ^ ^nivd. The few animals whieh Sequent suoh Ixaetp 
Ive meetiy l^ ^tnd uaprefiervable. In some mud^y And 
eaii^ (UelRetSy howMet^ woraos are vei7 munerousy and to 
saihftoeed mimjr £shes resott for food. The aeartity of re- 
Mine rftootoeea m eandatoBm, the tracka of werma on ripple* 
tftavked eaUdMKN&esi whieh had evidently been deposited m a 



^ilen^earsago^ in bis '* Beeearehes in TbeoretiGai Geoio|^.^' 
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shallow sea. and the fish remains often found in such rodcs, 
are explained, in a great measure, by these fitcts. 

V. Beds of marine animals do not increase to an indejimie 
extent. Each species is adapted to live on certain sorts of sea- 
bottom only. It may die out in consequence of its own increase 
changing the ground. — Thus, a bed of scallops, Pecten cpercu" 
lariSf for example, or of oysters having increased to such an 
extent that the ground is completely changed, in consequence 
of the accumulation of the remains of dead scallops or oysters, 
becomes unfitted for the farther sustenance of the tribe. The 
young cease to be developed there, and the race dies out, and 
becomes silted up or imbedded in sediment, when the ground 
being renewed, it may be succeeded either by a fresh colony ol 
scallops, or by some other species or assemblage of species. This 
" rotation of crops," as it were, is continually going on in the 
bed of the sea, and affords a very simple explanation of the 
alternation of fossiliferous and nonfossiliferous strata ; organic 
remains in rocks being very rarely scattered through their 
substance, but arranged in layers of various thickness, inter- 
stratified with layers containing few or no fossils. Such in* 
terstratification may, in certain cases, be caused in another 
way, to-wit, by the elevation or subsidence of the sea-bottom, 
and the consequent destruction of the inhabitants of one re- 
gion of depth, and the substitution of those of another. It is 
by such effects of oscillation of level, we may account for the 
repetition, at intervals, in certain formations of strata indi- 
cating the same region of depth. 

VI. Animals having the greatest ranges in depth have 
u8U(dly a great geographical^ or else a great geological range^ or 
both. — I found that such of the Mediterranean testaeea as 
occur both in the existing sea, and in the neighbouring ter- 
tiaries, were such as had the power of living in several of the 
zones in depth, or else had a wide geographical distribution, 
frequently both. The same holds true of the testaoea in the 
tertiary strata of Great Britain. The cause is obvious : such 
species as had the widest horizontal and vertical ranges in 
space, are exactly such as would live longest in time, since they 
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would be much more likely to be independent of catastropbes 
and destroying infiaences, than such as had a more limited 
distribution. In the cretaceous system, also, we find that 
such species as lived through several epochs of that era, are 
the few which are common to the cretaceous rocks of Europe, 
Asia, and America. Count D^Archiac and M. De Vemeuil, 
in their excellent remarks on the fauna of the Pakeozoic 
rocks, appended to Mr Murchison and Professor Sedgwick^s 
valuable memoir on the Rhenish Provinces, have come to the 
conclusion that the fossils common to the most distant loca- 
lities, are such as have the greatest vertical range. My ob- 
servations on the existing testacea and their fossil analogues, 
lead to the same inference. It is very interesting thus to find 
a general truth coming out, as it were, in the same shape, 
£rom independent inquiries at the two ends of time. 

VII. Moliugea migraie in their larva state, but cease to exist 
a$ a certtiin period of their metamorphosis, if they do not meet 
with favourable conditions for their development; i. e. if they 
do not reach the particular zone of depth in which they are 
adapted to live as perfect animals. 

This proposition, which, as far as I am aware, is now put 
forward for the first time, includes two or three assertions 
which require explanation and proof, before I can expect the 
whole to be received. First, that moUusca migrate. In the 
fourth volume of the Annals of Natural History (1840), I gave 
a zoo-geological account of a shell-bank in the Irish Sea, being 
a brief summary of the results of seven years' observations at 
a particular season of the year. In that paper, I made known 
the appearance, after a time, of certain moUusca on the coasts 
of the Isle of Man, which had not previously inhabited those 
shores. They were species of limpet, about which there 
could be no mistake, and one was a littoral species. At that 
time, I could not account for their appearance. Many similar 
facts have since come to my knowledge, and fishermen are fiar 
miliar with what they call ^' shifting" of shell-'beds, which 
tbey erroneously attribute to the moving away and swimming 
off of a whole body of shell-fish, such as mussels and oysters. 
EvMOi the Pectens^xxmch less the testacea just named, have 
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tltadesj and it dSbnut depths, are still wanting. We giVe the follow* 
iDgreaolts: 

Ivandiope. 

fiiftbuie. 

KotMbue. 

Mean ndnetion of tempenioxe in Tropics, 1* in 26 fathoms. 
LuL Temp, of 8mrfmc9, Depth, Tewip, 

ar ^N. 71*9 100 62*8) 

a0*aB'B. e7 aoo 44° V KotMbue. 

44*ir& 64*9 196 38*8 j 

Maan rednctioa of temperature in Temperate 2ene, 1* in 28 fktboma. 

It thus appears that, within the nuige of the tropical and temperate 
aones, there is a decrease of the temperature from the surfiace down- 
wards of one degree in eyery 25 to 28 fathoms, in colder fegioiis» when 
the temperature is at or below 38^ the cold surfiice water, being heavier, 
sinks, while a wanner stratum rises from below to supply its place.* 

Peron found the temi>erature of the ocean to decrease gradually fiom 
the surfiftoe downwards, and Ellis found it stationary at the deptii of p 
mile. 

Ob llie whole, then, it may be assumed as a general rule, that, in tro- 
pical and temperate regions, the ocean decreases in temperature from 
the surfiice downwards, that this decrease is greatest in the upi>er per- 
sons, while, at certain depths, the temperature may remaiaralnwMit sts* 
tionary. In temperate and tropical latitudes the shallowest parts of the 
ocean are the warmest ; in this way, the Waters of estuaries and long 
fsnges of littoral shallow seas wiU be of higher temperature than the 
deeper portions, or even than shallow reelb fi»r oat at sea. Inland seas, 
where tiiere are no tides, will also vaiy in tempezature aceording to 
latitude ; in low latitudes, such seas as the Baltic will be colder than the 
ocean. It will thus appear that the ocean, like the atmosphere, has its 
zones of temperature, but in the reverse order, the upper portions of 
the waters of ilie ocean being warmest; while those next the earth ars 
of a lower temperature. The upper zones of tiie ocean are full of life, 
both vegetable and animal ; but, like the atmosphere, there is a limit, 
beyond which, neither plants nor animals will be found. This limit is 
caused not alone by diminbhed temperature, but also by diminished 
light, and probably by other causes, such as increased density, and the 
defideney of atmospheric air and influence. We do not, as yet, exactly 
know the depth at which marine plants and animals totally disappear ; 
but the fiict is established beyond all doubt, as soundings made in deep 
water, and at considerable distances from the shore, bring up mud or 
comminuted rocks, but no traces of organic beings. It is probable that 
this depth varies according to latitude. 

* Scoresby, Ross. 
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It seems to be now alsa established, that marine animals take up tbeir 
localities at depths, yarying according to their classes and genera^ and 
even their species. Every one who has dredged for moUusks must have 
remarked that particular species are only to be found in particular loca- 
lities^ and Professor E. Forbes, in a paper read before the last meeting 
of the Britbh Association^ has shewn, from his researches in the ^gean 
Sea, that tb^re are about eight regions in that inland gulph, varying 
from a depth of 2 to 230 &thoms, tenanted by its particular groups of 
mollusca and radiata. These zones or regions are, in many respects, 
Mr Forbes remarks, equivalent to parallels of latitude in regard to the 
distribiztion of species. 

There is every reason to believe, that fishes also observe a similar ar- 
langement with regard to their localities ; for, in a general way, these 
inhabitants of the ocean have for a long time been divided into littoral 
and pelasgic^ as well as the testaceous molluscs. 

We know, indeed, that many families of fishes are strictly confined 
to particular localities. Some inhabit the deep seas, as the cod and had- 
dock ; some the fiat shallow sands, as the rays and other fiat fi»h ; while 
numerous species are confined to the shallow shores of bays and es- 
toaiies. On the whole, then, we shall have, perhaps, a not inaccurate 
idea of the condition of the ocean, if we compare a descending section 
of it to a tropical mountain, which we find divided into zones of tempe- 
Xtttufe^ each zone being characterized by distinct groups of plants and 
animals. 

Now^ such an arrangement in our existing seas appears to us to fur- 
nish a very simple a^ adequate explanation of the condition of our 
ancient geological strata. For when we find a series of such strata con- 
taining distinct beds of fossiliferous remains^ grouped in regular and 
successive order, we at once perceive that they are thus arranged ac- 
cording to the localities which the living organisms maintained in 
their contemporaneous ocean^ and that this localization is entirely due to 
the respective depths of water in which each species of animal was ac- 
customed and adapted to live. 

On this view of the subject, we can readily explain why the upper 
series of strata are so full of organic life, — why, as we descend, that or- 
ganic beings become more and more rare, till at last we arrive at a line 
where all traces of plants and animals cease. 

Suppose that in the present day some great eruption of plutonic rocks 
were to elevate a portion of our seas — the basin of the Forth, for instance^ 
extending in a line outwards into the deep sea, we should then have in 
the upheaved strata an> illustration of the successive localization of its 
marine inhabitants. In what would be called the upper or newer strata, 
we should find fluviatile fishes and moUusks imbedded in calcareous 
mud or shale ; to these would succeed beds swarming with marine 
testacea ; &rther on, amidst the sandstone debris and conglomerate, the 
various species of rays and other flat fishes would present themselveS'^ 
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fifftber out into the deep flea, tbe eodaid']uKldadrirovld:pve«ail^ 
iBl at last^ in tke schistose strata formed in ike still deaths, of. Hie ooeaiiy 
^e WQuld in vain look for any traces of «iinnai existence. 

We can thus explain, too, why strata of considesaUe tibieknesa, ha?^ 
ing the same mineral character throughout, apparently foraged und^ 
^milar eizcumstances, and within one epochs should jet differ materWIy 
in the specific charaeters of the inhabitants of its upper aad Ipwer beds* 
The dilforence of a few* hundred feet in the deptih of water ; -and^fCeBset- 
.quently, in the temperature, and other clroumBtances, being- wiflliiaeitt to 
influence the instincts of the animals by which the beds are tenanted. 
Agassiz found no species of fish common to two formationsy aUhou|^ 
the some genera are distributed among several ; this is also th€f oase* with 
molluscous testacea. In general, the species are confined to distinct 
beds^ although several genera have a wide range over difiexent strata. 
Thus> trilobites, goniatites^ and pennatulee, are found only in the oldest 
' or. deepest fossiliferous strata; productes and spinfrans Tai^ge through 
the mid^e strata; terebratulsa have a -still wider range, up to the chalky 
and the family of ammonites seem also to have been nmch dispersed, 
although they center most numerously in the oolitic series. 

Although the same arrangement of fossil animals, in regard to super- 
position, appears to be very uuiformly the same in every part of the 
earth hitherto explored, yet the mineral characters of the equivalent 
fossiliferous strata are not always similar ; so that the presence of . par- 
'ticular fossils is no test of the mineral characters of rocks. This charac- 
ter of sedimentary strata is dependent upon the type of the older rocks, 
out of which they have been formed, and hence may vary in difierent 
localities. In the same way, strata may be mineralogically alike, and yet 
differ essentially in their fossils. Thus, we have various denominations 
' of sandstone, according to the depths at which the deposits were made, 
which, although mineralogically identical, are tenanted by different 
genera of fossils. The same occurs in calcareous and aluminous de- 
posits. 

Neither can the opinion any longer be tenable. that fossils are the k^y 
to the relative ages of strata, unless in those cases where there is an 
actual super-position of one series of strata on another, and even in thooe 
cases there may have been a contemporaneous formation of strata by a 
gradual and nearly equable extension of the upper and lower beds firom 
the shores out into the deep sea. In cases where there is no super-posi- 
tioD, it is sufficiently evident that the schistose depositions, called pri- 
mary, may have been going on accumulating in the depths of the ocean, 
at the same period at which the lias and oolites were forming in the shal- 
lower seas. 

By the same process of reasoning, it will appear evident, that it was 
possible for the whole range of fossil animals to have been contempo- 
raries in the same primeval ocean ; and yet, that not even a single species 
should have obtruded upon the appropriate domains of another. 
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' Bj^a^refeientototfaa'pTeiS^itt (Kniditioii'6f'lhe o«)e^ (EfiMaaeK^t 

«Uij' be thrown on' the Bi6de of fbrmlbtie^n of tbe fmcielitttrato. 

Thus, Itettppex* portibBS of the -ocean are- much ^agitated by CHrMats 
<anjd^ wincb/ while the lower po7<ion» retilain compaatetirely cil«i ^aad nn- 
^fiitnrbed. Gneks, ted liie '8o*c^lled }>Tim^y Behidts, have ^videnl^ 
'been deposited atlgr^lf depths where the wtfter was ' still ; henoe ^w 
%agu]ar laminatite of . Mniisture, the mSHute and unifeTm commination 
«fHlieir piarticles^ atid the Aiill ted. placid tikanoer in which these-pacr- 
tides bikTe been deposited. 

The tfadsition series again tnarks a p^ridd of conimotton abd tarbu- 
kSmo^y -of rocks yiolently broken up itito fragments^ ted of water-worn 
febbles, trlmSported b/currents,* aBd'acoiHBulated in frequent Ubyers of 
<^tamd eotigldiAerates. The Mme' observations will apply to the older 
<#tedstones, while tbe cal6«reouB mud of the Has points out the aoUon^ of 
currents, carrying the lighter 'dieiaritds of rivers- a considerable way inio 
the deeper sea. The ^olitesy dgain, are slill more littoral ; aad being 
•fonbed nearer Hie genial sur&oe of the water, afford a suitable bed- for 
those numerous species of melanitt or infusory taibes, of which the 
tspherioal portions of tlus rock are, -according to Ehrenberg, supposed to 
-be chiefly 'composed^ and which impart to it its peculiar chaxacter. 

The mountain limestone-beds were most probably reefs of corals 
•and • eneriaites rising nearly to the sur&oe, but oonstituting a loca- 
-Oty different in temperature and other respects, from the more 
littoral oolite. Over these reefs, .probably after they have suf- 
fered depression, or some other change^ the coal-measures appear 
«to have been ' deposited. These -carboniferous beds, extendmg in 
thickness from ^000 to SOOO feet, appear to be an exception to the 
other marine strata in this respect, that there is a uniformity of fossils 
ftrougfaout, Hie^ same organic remains appearipg in the lower beds as- in 
the upper. This is to be accounted for from the circumstance that the 
fossils aie almost all vegetables which have, grown on the earth's surface, 
•and must have been successivejly transported into their position by flu- 
viatile currents from the land ; or, Uiat part, if not the whole, may have 
successively grown on the- surface of the same locality on which they are 
how found, and that this surface has repeatedly been submerged by th.e 
j;radual or periodical sinking of the strata below. A few fluviatile shells 
and fishes are occasionally interspersed, as also layers of marine lime- 
•stone, with fossils ; but the different species do not assume that succes- 
dve position which the true marine-beds uniformly do, even in strata of 
the thickness of a few hundred &.thoms. This- exception of the coil 
strata to the general law appears to afford an interesting test of the 
mode of arrangement which is universally prevalent in all the other series. 
The presence or absence of -any one of the series of geological formations 
may also be readily accounted for from the depth or shallowness of the 
ancient ocean on any given locality. Thus, the- prevalence of the oolitic 
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and tertiary fonnatioxiB in the region of the Alps, and, indeed^ in th> 
whole centre of the continent of Europe^ implies a shallow state of the 
ancient seas there. The same appears to have been the case in the south 
of England, while the sea would appear to have gradoaHy deepened to 
the north-west of England, and continued deepening onwards througfa^ 
out Scothmd. In South America, according to Elie de Beaumont, there 
is an entire absence of the oolitic series, while the gneiss, schistose, and 
BzKurian systems are extensively diffused. The chalk and tertiary strata 
are also extensive, thus shewing a sea with deep and shallow bottoms, 
but a deficiency of a middle level. It frequently occurs that some of 
the higher formations, as the chalk or oolite, repose directly npcm gneiss 
or schistose strata ; this may arise from an elevation of these deeper 
beds at once to the natural level of the higher strata, without affording 
an opportunity for the formation of intermediate beds, or, rather, a fit 
locality for the peculiar animals which inhabit suchi 

When any of the strata are thus raised above their appropriate leveb, 
it may be supposed that their inhabitants, or those of them that have 
escaped destruction^ immediately retire to lower levels. 

It is a ckrcumstance frequently remarked by geologists, that fossM 
remains^ especially of fishes, are found only at particular points, as, for 
instance, in a seam of shale of a few inches thick, while above this shale 
many hundred feet of the same strata may exist without a trace of any 
organbm. This may indicate a convulsion of the oceanic bottom by 
which myriadlB of fishes were entombed at once ; while, at the same time, 
tiie stratum was depressed far below its proper I^vel; by which means 
the detritus afterwards deposited was at too great a depth' to be tenanted 
by living beings. Or the super-imposed detritus may have been sud- 
denly drifted and accumulated over the shale, without any great change 
of level. This drifting by currents or convulsions of the ocean appears 
to have been the cause of many of the vast accumulations of marine 
sandstones which are not unfrequently visible ; and which, for many 
hundred feet in depth, exhibit few or no traces of organised bodies ; and 
even such as are fbund, consist only of the detached scales or bones of 
fishes, as if the bodies to which they had belonged had been Broken up 
and destroyed by the violent action ofthe waters. 

Although depressions of strata may occasionally take place, yet ftm 
evident that such are of much less frequent occurrence than elevations, 
because we very rarely, indeed, meet with a reversal' of the order of 
position which the labours of modem geologists have so successfiiliy 
established as general^, we may say almost universally, existing. In- 
deed, it is astoniishing to find with what accuracy fossil remains preserve 
their respective positions in the earth's strata in every region of the globe 
which has yet been explored by the geologist. Thus, the equivalents of 
the British strata, containing almost identically the same fossils, have 
Ibeen found oa the coatiaent of Eun^e, in Asia,, in^ America, in the re- 
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I notest lands of the Pacific Ocean ; nay, even in the now frigid climatet 
of the Arctic and Antarctic circles. 

This uniformity of its inhabitants wouM seem to indicate a uniformity 
of temperature> and other concUtions of the primeval ocean^ differing 
from those v/hieh prevail in the present seas^ and a difference in distri* 
bution of animal life over the yarious regions of the earth. 

We shaH not here enter into the changes which marine animals, and 
especially testaceous molluscs, tmdeigo, in consequence of dafferenoes 
of locality^ temperature^ and other external circumstances^ because this 
is a subject which belongs more properly to considerations regarding the 
past and present temperature of the general sur£ace of the globe. It 
may be remarked, howev^Br, that such external circumstances give rise 
to changes, in many cases amounting even to specific differences, in the 
appearance of the animals. Thus, the testaceous inhabitants of inland 
seas and gulphs are pigmies compared to their congeners of the open 
ocean ;* and not only size, but colour, and even form of shell, may be 
changed. In those raised beaches which are so common in Scotland, 
and on many of the coasts of the European continent, testacess are found 
apparently with specific differences from those existing in the contigu- 
ous seas. Thus, on the banks of the Clyde, species have been found 
having more of an arctic character than those of the same family at pre- 
sent existing in that estuary.! Now, this may have arisen simply from 
a change of level in the locality^ altering, in some slight degree, the tem- 
perature, such as a rise of the chaimel of the Frith, and a consequent 
shallowing of the water. In this way, the depth of the waters of the 
Clyde may have been formerly such as to permit of localities more ap- 
proaching in temperature to that of the friths of arctic regions. 

If the above conclusions are found to be based on sound deductions, 
our geological systems will, at least, require somewhat of revisal. 

In the first place, the mineralogical ciharacter of rocks will be that on 
which their proper arrangement and classificiition must depend. Thus, 
if calcareous mud, brought down by currents, is deposited at a certidn 
depth in the ocean, it becomes tenanted by producti and ganoid fishes. 
The same mud, if deposited at a higher level, is taken possession of by 
belemnites and ammonites ; in the one case^ jit is called carboniferous 
limestone, in Ihe other, lias. 

The present nomenclature, too, of primary, secondary, and tertiary, 
can> in many cases, only convey erroneous impressions. The same may 
be said of many other terms pointing out a precedency of formation or 
nlative age. 

Organic remains will henceforth indicate the respective, and, perhaps^ 
by analogy with living species, the actual depth at which the strata in 
which they lure conti^ned were situated in the primeval ocean. They are 



^ E. Forbes, Esq. t James Syiith^ Esq.) Jor^hall, Edin. Fhil^i Joujmo^ 
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nfit the trae tests of tho relatiye ages; of stn^; n^rohasthe Tritpla|%, 
inhabitiiig the profound depths of the oeeapy apy.ti^ to pxioHty o( iNKtl^ 
right -over the hvmble Gurdiuvw wMeh borrows anu^i^ U^^^Bexficial 
8|HidB that lie bavely withia ti(|e-m«rk.. S^ta of high ai»4J9Wl^!e^> 
iBB^be found in imnedlAl^ contaoty with^ujb the.- a4,4 of-8i^>pfM9ij^tiq^i|t 
denudation of intermediate strata* 

Any one or more of the geological idnoatlcvMjiQay- be es^to^ a^ept- 
ing in certun localities to. ar great ,eKtenA, .their. plMces. beivg s^PflMLhf^ 
favraatioBs of a higher or lamer lerek . 

Ths whole series .of geological f^nnal^kHis . cai4d:;neYei?ibe pppe^^Mi 
every porlion of thfi/ eanl^'B . snxfiice asilo^i^aiitherei existed :ai^ ^99^; 
"vwrying in depth.: 



Remarks on the Entomology of Angela ndth reference -i^'^^ 
Geographical Distribution of Insects in Africa, By-Ro* 
feseor Erichsqn of Berlin. 

A. CAjtsiFUL aad attentive exAmi^iation of the manner in which 
the natural products of Afriea are distributed, appeara to u;s thof 
only safe method by which wemayeataUidbourJofevenieeP Jl^'* 
garding the condition of the unknown interior of l^is^coJofiflal^ 
Continent, on a broader, and more. sold, basis than can be ex*- 
pept^d from comparisons with other parts' of the world; sim*^ 
larly formed aod) situ^^te^. Tha conjqparatively.smaU.qi^tUiirj 
of water' trancaaitted to the sea from i«icb aikieiRt^t of fcocu^iiryf 
and which, contrasted ^th the n^imerouSiandTgtgpintio strei^iDS* 
of Asia and*S<>uth America,, seems very iiKKmsiderable, has 
long been, ^,js\sAi^^ of. surprise. Nevertheless, some geor 
gra|>be]i?a. imo^er tbait. tbQ).d@sert-girt .iniberior of Afri<'<^ '^ 
ttavwsed hy immcase njouAtaueb (^lASi^ It.beP4»9ie8r/of eourfMr 
necessary to suppose, tba^t tlie- greater portioQ* afrtheatflifi^ 
spheric vapours, condensed by the acticm of these grea^ raoiia** 
tains, is carried to inlandrlakes, the size of which must be so 
opnsiderablei tl^t their surffice (^.vapori^tipn wilt correspond; 
with the quantity of water received, since they have jxo iy&O^ 
munieatien with the sea^ We readily ceitfess. that tbi^.vi^W 
presents many interesting points,* but' it' is impossible to^xe^- 
cbncile it with the manner in which the various* species of 
animals are distributed over Afxica. The circumstaneef that 
several species, for instance the ostrich, have sjHread fiKxm tli6 
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doaevki of ' Arabia, and frani the foot of thoAtlas^Moimtaiiis^. 
aS'lw as,tbe G9>pe;of:6ood Hope, ia s^ongly in faraar^of liia 
hypothesisi that the whole of Central Africa, so far- fhiia being^^ 
traversed by ohains of lofty, mountains, presents nothing tiat a^ 
series of sandy plains and deserts. The existence of' tha* 
former, msonld certainly prove ^n insnrmpantable barrier to the' 
ostrteh^ thoi^ we are. less positive with regard to the sinu-t 
lady distributed ilion and elephant; 

Our argament derives, however, the most solid and the mostt^- 
sabsiantial support from an examination of the manner, in 
wbiehthe various Faunas are distributed over the Contiiient 
of' Afiaea4 Generally speaking, the want of > variety amongst 
tbmt i& very.strilang. In- Asia tha-to wering mountains of the.. 
Himalayah distinctly separate the Indian Eauoa from^that of' 
Central and Northern Asia;: and their respective Faunas «. are:, 
se unlike each other, that they scaro^ admit of comparison^ 
In ^similar manner, the Andes of South America divide tho^ 
Baonas of the eastern districts from those of the western pro* 
vinces -, and:itia in vain to look for points, of resemblapce be^ 
tween.the two. This. is certainly not the case in Africa^ Tisa^ 
Faunas of Nabia andvof ; Senegambia are materially the samp, 
even as regards.the identity. of: avast number of i^cies; So 
close! a. rdationship between* this Faunas.* of opposite, coasts . 
coold: hardly*, be accounted. for» on the supposition, that imt 
mease masses of : mountain a>anges^ lik6;those>of ^' theliimalaK. 
yali,; of; tibte Andes, or even of our. Alps^ are: interposed.. Act 
comUxi^y, if it cai^;be. proved, that there exist similar, relations j 
betveon the various districta of. Africa^ which lie remote. from, 
eadbuotiier ; . and that their Faisnaa are intimatefy connected with * 
one aaotiieri i»>t'.c»^ iur.the ^directions. off geographical longi^ 
tud&'or latitude, but like^eanothatof the.dia^nal.; thoiwell: 
knowikihyf^hesis of luaoepede, according, to which the interior/ 
o£ Africa: ii said .to consiftt of j a vast ci^Iection of nK>untain« 
is then i completely refuted: on. the other. hand, . the ; 
FrjE^es$or Bitter becomes i9ore.iinBly established^^ 
aeeordingrto whom* tbor interior of Africa is. a. large table-laoAi 
cjtosoiiipasasd^by nMOgaa of thiUbf and no doubt intersper«ed:witb . 
ntonntai^ bet wfaldi are so loosely: united, and of such isecon<r 
dary;i0:ij^ort»iicev that the Faunasruiagr ea^y traverse them ia 
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eyery direction. The researohes published in Mr Wagner'fl 
Travels through the States of Algiers, vol. iii. p. 140, clearly H 
demonstrate that there is a striking resemblance betveeen !] 
the Fauna of those districts of Africa which extend along 
the Mediterranean, and the Fauna distributed over the 
opposite coast of Europe, with the exception, however, of a 
few species, which are confined to tiie former. The States of 
Barbary are distinctly separated from the southern countries 
of Africa, not so nmch, as one might fancy, by the chains of 
Mount Atlas, as by the desert of Sahara. The Fauna of 
Egypt is more closely related to that of the other districts of 
Africa, than to that of the States of Barbary ; and when sin- 
gle forms are distributed from thence to other parts of Africa, 
it is only through Egypt. We have already alluded to the 
great affinity traceable between the Egypto-Nubian Fauna, 
with which that of Sennaar and Kordofans forms the connect- 
ing link, and the Fauna of Senegambia. Guinea, which, 
among the magnificent Fauna of its lowlands, certainly claims 
some species as entirely its own, for instance the genuine 
Goliaths, agrees on the whole with the countries of the Senegal, 
because a great many species are found to be, to a certain ex- 
tent, conunon to both. The Fauna of South Africa is appa- 
rently more isolated. This is owing partly to the circum- 
stance that it embraces several species of its own, partly to 
the peculiar mode of distribution by which the general rela- 
tions of the Fauna are more or less affected. We allude, in 
the present instances, to the predominance of the Melaso- 
mas, to the frequent occurrence of small Melolonthidse, &c. 
Hence we have ample reason to expect here an independent 
Fauna system. The fact, that several species, common to 
the tropics of Africa, to Guinea and Senegambia, are found 
again in great abundance at Christmas Bay, as alao in the 
vicinity of Cape Town, might confirm us in the belief that 
there are no mountains intervening, at least none large enough 
to effect a division between the Faunas. So long, however, as 
we are left in ignorance with regard to the condition of the 
countries extending from the Gulf of Guinea to the Cape of 
Good Hope, or even with regard to particular localities, so 
long shall we be prevented from determining the exact gelation 
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which the Fatma of the Cape bears to thajb of other eountries 
of Africa. 

Under these ^oumstances, a small collection of insects, 
formed in thePortagaese possessions of Angola, and presented 
to the Royal Entomological Museum bj the Privy Coancillor 
of Medicine, Dr Schonlein, has created considerable interest, 
as it promises to enlarge our knowledge of Africa. A careful 
examination has led to the conclniuon, that the Fauna of 
Angola stands between that of the Senegal and of Gninea, 
on the one hand, and that of the Gape on the other, since. 
it embraces not only a great number of species, but likewise 
several characteristic genera, which are common to those 
countries, and since it forms the oonneoting line between 
the Fauna of South Africa, and that of its central regions. 
We are indebted for this collection to Mr Edward Gross- 
bendtner. This gentleman, honoured by the support and 
patronage of Dr. Schonlein, accompanied the Consul-Gene- 
ral, Dos Santos, on a commercial expedition, consisting of six 
vessels, and had thus an opportunity of visiting the Portuguese 
settlements of Angola, Benguela, of St Paolo de Loajida, and 
of the independent negro empire of Ambriz. 

This enterprise turned out to be unsuccessful, more espe- 
cially as the Commander himself was carried off by the effects 
of the climate. The expedition arrived in Benguela on the 
10th October, the weather being then very favourable. The 
sight of a luxuriant vegetation, and a temperature of about 90° , 
seemed to hold out the most flattering prospects; but the 
naturalist, Mr Grossbendtner, and the botanist, Mr Wrede, 
were unexpectedly detained on board, and afterwards towards 
the end of October, when many Europeans perished from dis- 
eases caused by the rainy season, both gentlemen fell victims 
to their enthusiasm. According to the catalogue published 
by the Privy Councillor of Medicine, Dr Schonlein, the col- 
lection of Grossbendtner, who, during his few days of good 
health, spared no trouble in bringing it together, consists of 
2140 specimens of Coleoptera belonging to 173 species, and of 
20 butterflies. Part of it has probably been lost, because, 
from the time of his death, no one on board of the ship took 
an interest in the preservation of these curiosities. 
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CboHd^riBghow littie we are aequaioted with the Fauna ofr 
that portion of Africa, which is situated between the equator-' 
and^the tropic of Capricorn, a>clo8^ examination of this ffioall 
ceUectioB cannot but furaisb matter for very interesting obser** 
Vaticras.* A few species only have hitherto been published, 
itt particular by Messrs Oliviw and Laporte (Hist. Nat. d. 
Ins. Suit. d. Buff., where Dongola seems sometimes to have^ by 
nustake, been substituted for Angela.) 

It is impossible to give a detailed acoowat of the varioos t&«> 
llitieiiS'Of the Fauna, nuti) axsoUeetion has been aubjeeted to a< 
tiiorough and minute investigation. Obse'ixre species^ as. well i 
as those generally known and widely diffused, are in that casea 
of equal imp(»1;anoe with ihosa newly discovered or looked upon:> 
as greai rarities.t 

Q» tke Incipient Disengagement of Elastic Fluida. By Joqn.. 
Thok««ls Woodhouse, M.D., Senior Fellow of Caius Col- 
l^g^i . Cambridge; Comzaumcated by tbe. Author, 

X have never seen or heard a satisfactory explajaation of the 
well-known fact* that when a tea-kettle ynXh boiling water in. 
it>,, is, removed from. the fire* tbe bottom is. only moderately^ 
mpMr^i. It hsa.been.refenred to.ltke causes (sutetituting stesJ3|i 
fprivaiVMur), a^ when. sjurits are thcowu. upion the. skin, and a^ 
sopsatioi^ of cpld is pipduced« in which, case.heat i& first given, 
tpt^the i9uid> succeeded by^atchange in. tha.state of the fluid. 

T^ ^i:planatiou appears to me defective and xmsati^a^tory ;^ 
ai^:I will now- endeavour to shew.where it.is defectiye,,ai3id» 
sjiijpp^y.thie defect. 

yOxm: the kettle boils, the water iait will jr^e.tbe. th^mio- 



* Tte f<e^biittevfli^are not woirth considemg^ becaufiie^ being chiefly 
sfeci^Apf AlU^charis and Lyoseuai they^ e^^hibU nothing cbaracteristic 
of the Favina, of Angola. 

t From. Eriqbflon'B Arehiv fur Naturgesehichte, 1848, part 3d, p. 19^.* 
Wd hope, on a futtire occasion, to lay before our read^fs ^rofeBser 
Ericbson'B partieular details.— ^Ediv/ 



ili^(€rtt0'212^ Fabreiih^t; the fire ia:miieb'het(ter«.Midn3^t}tb«^ 
lumi.iwhi^ soon after touches it, feekonly a moderate Miairtptllcr 
-^^^ a jBbortiime theheat becomes intolerable, i* e^^ of tbe SMiMb 
I«eat..aa^tbe supmncumbent fluid. 

'Sixwi adisitting when the heat of the bpttcm 19 beoQii49g> 
greater than 212^, that the water undergoes a chaoge.by it% 
<2miTeraio& into steam, and thatlhe heat of the contents :of the 
kcitle is thus partly latent,-^^4Mbmtting, tha^ this would . acr. 
Gffunt fpr. the bottom not indicating a greater heat than 212%. 
L contend, h is unequal to eaqplain. why the .hottpm should, bft: 
less than 212'' : for the water is . 212':9 the steam . under the> 
ordinary pressure of the atmosphere is siopposed- to. be 212%. 
and the fire which was under it i more, than 212°. The objeet^ 
of this paper is to explain, why the bottom immediately on ita. 
removal from the fire, should indicate a heat less/ than 212^1 
and soon after, a heat equal to that of the water.in it.. 

Fig./ 1. Let jf represent a portion of v^^. 

water. Let the sphere, whose radius is 
mr^ r^resent the space occupied by 
Hie steam, into which this portion is 
converted by the communication of K 
heat. The heat of the steam filling 
tkis sphere would be 212°; but, in ez^. 
plaining the object of this paper, I 
Sliest that the beat of the .steam may be less.tUBn 212% 
t&establish this, I propose the following theory: — 

^assume, that when aportion of water is converted, ffoniitts^ 
flkud'into its gaseous- state, a sudden expansion^ or what mayi 
lua- termed, an explosion happens, u e., supposing the stespa io^ 
i|9' quiescent state, and under the ordinary pressure of thai 
atmeepher^ would; occupy the sphere wr^ at the instant-of itst 
conversion — by, its eltetioity, or momentum of its<parttde8^,it» 
proceeds to fill a sphere whose radius is w r\ which is greater* 
tbaa It?' 1% 

Nowf according to.the iaoknowledged doctrine of latmtheat, 
wton 'Water receives heat, which converts it into steam, the 
steam und^r atmespherie pressure would occupy a spaeeA^affy^^ 
ing mtb tibie -quantity of caloric imparted to lii By; the samej 
•of latent heat, if the same quantityof stemn under :th«» 




340 On the Incipient Dieengc^ement of EUuHc Fluids. 

same pressure be made to occupy the greater space w r*, it 
would require a greater quantity of caloric ; and supposing the 
change from its filling the sphere ir r, to its filling the sphere 
IP r', to be efiected mechanically by its elasticity, it would be 
covetous of caloric, and would take it from any substance which 
touched it. 

This theory will (I conceive) explain all the phenomena. 
A certain portion of water is converted into steam at the in- 
ternal bottom of the kettle, which, in its quiescent state, under 
atmospheric pressure, would occupy the space if r» but by its 
elasticity or momentum of its particles, at the instant of its 
conversion, it occupies the space w /, becomes colder than 
212°, and thus takes heat from the bottom, reducing it below 
212°, after the supply of heat from the fire has been removed. 
This reduction of heat can only hs^pen whilst the water is 
boiling ; after the water has ceased to boil, it soon communi- 
cates its own heat to the bottom, which explanation accords 
with the phenomena. 

I cannot prove by experiments, that when gas is liberated 
from its prison of a fluid, or a solid, at the instant of its 
liberation it goes to occupy more space than it would do 
solely, by the admitted laws of latent heat ; but I suggest 
the following consideration, which may make this pro- 
bable : — If a spring be fixed in a table, be bent towards the 
right, and afterwards released, it does not merely go back 
to the place where it will ultimately rest, but by its elastie 
property, it would go considerably to the left, and would pass 
its resting-place several times before it be still. Maynot the 
spring held down by the finger on the right side represent, or 
bear an analogy to, gas confined in a fluid or solid ; and may 
not its proceeding to the left of its resting-place represent its 
expanded condition immediately after it has gained its free- 
dom? 

I must now mention another circumstance, which is closely 
connected with, and comes in aid of, the present subject. 

It has been observed, that on the first removal of any me- 
tallic vessel from the fire containing boiling water, the ebulli- 
tion is increased. The solution may be this : — The cold air 
then surrounding, and coming in contact with, the Outside of 
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the vessel, by the snbtraetion of heat, may cause its external 
surface to contract, and this may mechanically contract it in* 
temally, and so heat may be evolved. This explanation is 
nearly the converse of the previous one of the steam which 
lias been given. There, a chemical expansion fir^t bappens, 
followed by a mechanical expansion, by which heat is involved. 
Here, in the metal, a chemical contraction first happens, 
succeeded by a mechanical contraction, by whieh heat is 
evolved. 



On the Mode of Formation of Crystalline Limestone^ Contact 
ProductSy Crystalline SHicide- Slates, and Unstratified Crys- 
talline SUidde-Bocks ; with Preliminary Observations on the 
present state of Geology, and on the Methods of Investigation 
pursued in that science. By B. M . KsiLHibu, Professor of 
Geology in the University of Christianla. Commiuiicated 
by the Author** 

It would be a happy state of things if, by means of direct 
observation, we could every where acquire a perfect know- 
ledge of the structure of that portion of oiu* globe which con- 
sists of the known mountain-rocks, and if we could obtain a 
elear view of the part performed by eaeh mouatain-rock, or 
generally by each mineral mass, as an architectural element^ 
in a construction so complicated. We should thus create an 
indestructible basis for geology, and could provide for it a 
foundation of data really belonging to itself, whieh would con^ 
fer on it an independence that is at present awanting. It is an 
acknowledged truth, that we cannot be very doubtful as to the 
origin of a mountain-rock when the relations of its masses are 
clearly placed before us ; at least, in such a case, altogether er- 
roneous hypotheses would scarcely be possible. If, for example'^ 
we see that an entirely irregular mass lies between sedimen- 
tary strata,^ and branches out into these, we cannot, in refer- 



* This Uteral tsanBlation of Pvofeaeov KeUhaa's mannBcript has had the advaa- 
iage of his ravision.— £i>i t. 



(eoM to its mode of fbrmatimi, place it in ii»'fsum Amu ynAi 
-AeMrata ; and if we aee it boonded on all sides by tto i i iii 
t^entary rodis, we^^annot attribute to it an eraptire o]%in ; itai 
(llfdrl, hj means of this simple but correct mode of exaskini^ 
the siilgeet, both the hypotheses which are most freqdentfy 
bro<ight: jtoiward Wdtdd be rejected. In the same manner mt- 
donbtedly, etery hastily adopted opinion as to the -origin 'U 
voeks woald* by a complete knowledge of the facts of -^tiw 
structure of our globe, be at once reduced to its true Talve. 
But this is not all, for this perfect, this, so to speak, anato- 
'»icalto owlodge ,-we«ld also^tferdrnmy- p osit i ve < ?ontributioH 8 
to an insight into the actual nature of the object, — ^to an under- 
standing of the origin and cause of the phenomcfna presented. 
It cfin admit of no doubt that geology would undergo rery 
'.^Ss^tial changes, were we able in '«ueh a manner to have 
^an tmobstracted view of the structure of l3ie earth. Bo long 
tfts, owing to tilie impossibility, in most cases, of obtaining 
^a knowledge of facts by direct examination aldne, observers 
always endeavour, in a greater or less degree, to^ assist Aeir 
observations by supposing, by means of considerations as to 
'^eaqses and actions,thow the phenomena utider' investigation 
^'inuilt be, this great evil nrast result, that thd scitoce do^s 
"not obtain possession of perfectly tlnmixed data. What ^^^ 
^termed facts frequently very little deserve the appelUtiOn. 
''Such data are partly the work of the Understanding of the 
•observer, and, as theyare more or less the result 6f a precon- 
'ideived expIaiiation,'the science becomes in the same degree 
•illusory, being founded on such a basis ; nay, the whole pro- 
'tf^dure remains a mere movement in '^ drcle, inasmuch as' the 
'observer explains what the explanatory reasoning itself has just 
Tailelitly advanced. This great evil could not exi§t in the case 
Tpreviotisly supposed. Imaginary relations would then never 
take the place of ^ those really observed, partly 1)ecairise there 
'Would be no' necessity for it, and partly because what was in- 
accurate Would be much too easily pointed out, and in this 
way'the mania for making hypotheses would' be suppressed. 
On the contrary, the opportunity afforded of furnishing the 
«eien'ce with that pui:^ fotmdation of xmfaMfted^dftta'^hich it 
now wants, would be eagerly embraced, and the first endeavour 
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of every inyestigator weuld be directed' to ftedistlRd;'^ttf<i- 
sitien of the realty existmg pfaenomeiia. ^Whenthis "V^as'^^ti- 
^tirely Wished, but not sooBer, the observer would i^roce<^ib 
-ihe tadk of treating of the causes of the geologieal phenoftietifay 
^sskd of their mutual oonaeetion. In each labours, tbef^ife^, 
*4he aetually existing geological relations themselveef would al- 
rwuys eenstitute, as the very nature of the subject I'eq'oir^, €tte 
«first and most important point, -and that not merely because 
these are precisely the object of investigation, but also because 
they themselves can afibrd sudb essential aid In the 'elucida- 
tion of their true nature. In the next pkee, whflt<we learn bjjr 
the observation of geological processes going forward befotie 
our eyes would become available ; and, thirdly,>then, for' life 
:-firBt time, would those elucidations come into consideration, 
which can be borrowed from other sciences, tje.'from chenlis- 
.try, natural phUosophy, and astronomy. 

We know sufficiently well that this natural order of things 
-is at.pres^tit not the existing one. As we cannot obtaih 
!8udi irrefragable knowledge of geological facts as would be 
..possible on the supposition made above, geologii^ts are so fer 
ifrom assig&ii^ to results obtained by geognodtioal examina- 
*tion the just rank in* their theories, that diey often oonsld^ 
themselves authorized to modify the exposition of geologieal 
phenomena, in order to accommodate it to the explanation 
created out of those sciences which only stand in more or less 
remote connection with gediogy. It is sometimes even th^ 
case that they go still farther, and from time to time believe 
themselves justified in putting observation entirely oat 6( 
a^ht, and supplanting it by ideal phenomena according to 
views derived from the most varied sources, which, howet^r, 
J are beyond the proper territory of geology. In this mafnner, 
the proper order is exactly reversed ; the science comes to 
rest on a foreign basis ; and that which ought to be the result 
of pure geognostical observation becomes, at least in a greate^r 
or less degree, a mere construction^ for which opinions derived 
principally from chemistry have solely furnished the materials. 
Thus, if geological relations were freely and openly exposed 
-to ohservaticra^ so that no difference of opinion could be pos- 
^, with regard to' the real nature of the facts ; if, on this 
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account, nothing were borrowed from ideas derived from other 
sources ; uid if no one were to replace the real by imaginary 
phenomena, then, undoubtedly, in theorizing, these relations 
would with justice attain to the first rank under all circum- 
stances — ^a state of matters which does not at all exist at the 
present day. Besides this principal change which, upon our 
supposition, would take place in the science, it may be worth 
while to mention another, which would also be yery important. 
Although^ under the circumstances supposed, much that is 
now problematical would be cleared up, yet, on the other hand, 
the very possession of geognostical data which could not be 
impugned^ and which could admit of no accommodation, would 
very often oause us to meet with inexplicable phenomena. 
This, however, would not be at all remarkable, and still less 
would it be a stumbling-block. That the human mind, which 
in no instance is able to understand nature to the very foun- 
dation, should here find an exception, would occur to no one ; 
and we should here likewise have to encounter darkness be- 
yond the nearer or farther limits which explanation could 
reach. It is worthy of attention, that at the present time 
matters are in a very difierent position ; of phenomena which 
cannot be explained we now hear very little in geology ! 
precisely in that science in which so much must be ob- 
scure, it seems as though every thing were perfectly under- 
stood. The method adopted goes the length of requiring 
that every phenomenon shall be placed in such a light that 
its cause can be ascertained, otherwise no attention will be 
paid to it^ or its description will be regarded as inaccurate. 
To the iminitiated this must appear in the highest degree ab- 
surd. When, indeed, we reflect how much is still obscure 
respecting the origin of mineral bodies, we must be astonished 
at such a state of matters in geology, and such a mode of pro- 
ceeding among geologists.^ But in this, we only see a direct 
consequence of the existing circumstances. Instead of geo- 
logical phenomena, which are adduced as facts, being con- 
^dered as quite certain by and for themselves, and only by 
and for themselves, we cannot now, as it is so difficult to 
observe with perfect accuracy, have full confidence in the ap- 
prehension of the observed facts, until we find that they har- 
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xnonize with what, according to our theory^ we assume ought 
to exist in the case under consideration. In order to be able 
to believe, we must also be able to understand. As the objects 
cannot here be made palpable, we are not in such a situation 
that belief must exist under all circumstances, whether we 
understand or not. It is even considered as a very correct 
principle of investigation, when the question regards any geo- 
gnostical appearance, not to recognise it as a pure fact until 
counsel is taken from sciences to which in reality only a 
secondary voice should be assigned in such matters. Thus it 
has become quite usual in geology not to tolerate phenomeda 
which seem to be in discordance with the present position of the 
sciences alluded to. These are rejected on the pretext either 
that they are imperfectly observed, or that they constitute 
isolated abnormal phenomena, to which no weight can be given. 
An ample field is thus thrown open for caprice, and the science 
is exposed to this disadvantage, that a multitude of important 
facts are not introduced into its archives, facts belonging pre- 
cisely to that class on which might be founded principles, that 
are not at al], or at least not easily, to be obtained from any 
other science but geology itself. As the key to such facts 
cannot be found in those other sciences, these very facts are 
thrown aside : but this is done to the irreparable detriment of 
geology ; for, as already remarked, it may be the case that it 
is only by the study of these facts themselves, and their analo- 
gies, that the most important information can be obtained. I 
hope afterwards to illustrate this more fully by distinct ex- 
amples. 

What I have already said, is sufficient to shew that geology 
is by no means in the best possible situation. However, in- 
asmuch as the conditions for a more desirable position, such 
as that mentioned at first, with which the actual one was 
compared, depend on an impossibility, of what use can it be, 
it may be asked, to think of a change of that kind ? But 
on considering the matter more attentively, it will be found 
that very much can be done in this respect. We have it 
completely in our power to approach much more nearly to 
such a position than we are at present ; it is possible in very 
many cases at least to substitute direct observations for ideas. 

VOL. XXXVI. NO. LXXII. APRIL 1844. Z 
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The constructive character which predominates in much too 
high a degree in the present method, can be limited to a great 
extent. It is possible to observe with much greater accuracy 
and certainty than has hitherto generally been done, and in 
this way to procure attention even for facts which cannot at 
once be eiplained so as to harmonize with the results obtained 
from other sciences, but which must nevertheless be studied 
in order to advance the science. It is possible to procure 
for geological facts more than they have hitherto possessed 
of the influence to which they are entitled, in the explana- 
tion of many of the most important problems of which the 
only solutions hitherto attempted have been derived from 
sources foreign to geology. It is possible, especially, to em- 
ploy the assistance of chemistry in geology in a more judicious 
manner than heretofore. 

There are, indeed, not a few moimtain-rocks which, either 
themselves, or their complete analogues, are formed before our 
eyes by processes whose general nature cannot admit of a 
doubt. A multitude of other mineral masses, however, and, 
among them, precisely those which play the most important 
part in the structure of the earth, viz. the greater part of the 
crystalline rocks, have an entirely hidden origin and develop- 
ment. The direct observation of the mode of formation of 
these is so difficult, that it has not yet been definitively deter- 
mined (for I must be allowed this assertion) to which principal 
class the agent belongs that has here specially been in opera- 
tion. It is more particularly with regard to these mountain 
rocks that the method of investigation hitherto pursued must 
be changed in the manner already indicated. More diligence 
must here be employed than has hitherto been bestowed in 
the discovery of all the geognostical relations presented by 
these rocks ; and, at the same time, in the decision of debate- 
able subjects, greater influence must be given than heretofore 
to the results obtained by means of unprejudiced observation. 
It is especially requisite to beware of the principle, that che- 
mistry alone can and must decide in such matters ; for, although 
the laying down of this maxim as a fundamental truth has 
been believed to be the perfectly philosophical mode of going 
to work, it may nevertheless turn out to be incorrect Inas- 
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much as chemistry has artificially produced the analogues of 
some of those minerals of which the problematic mountaiu 
rocks are composed, it can without doubt point out with cer- 
tainty particular modes by which nature may have (^crated 
in the formation of such minerals ; but can we depend on 
chemistry being able to point out all the modes of operation it 
is possible for Nature to have employed in such cases t And if 
tlu& were taken for granted, how can chemistry decide as to 
which of Hiese was actoally employed in the instances in 
question 1 

Chemistry already points out more than one way in which 
such minerals as are now under consideration may^^have been 
produced, so that there may really be more than one mode of 
fmrmation ; and, as that science is itself only in a state of pro- 
gression, it is possible that afterwards it may be able to indi- 
cate other processes besides those already discovered. But 
perhaps those very modes of formation * to which the rocks in 
question owe their origin and development may, even in time 
to come, remain undiscovered ; for chemical knowledge of this 
kind rests on experiment, and it cannot well be assumed that 
art will ever have it in her power to apply all the means by 
which Nature herself has operated in her great laboratory. 

But let us assume that every mode is known by which the 
minerals composing granite, basalt, crystalline limestone, &c« 
could have been formed. How, I would ask, can chemistry 
determine which of the processes Nature has followed, when, 
in the production of these rocks, she effected the formation of 
the minerals of which they are constituted \ We remarked 
that the rocks of which we are now speaking had an obscuree 
origin and dev elopment ; the process by which they becam 
what we now find them is concealed from direct observation.; 



* Perhaps if we saw the subject in a proper point of view, we should i^oognise 
only one mode of formation for crystals. But so long as the ultimate causes are 
unknown to us, much, in our estimation, seems di£Eerent, which is really not so. 
When we find a compact mass gradually becoming crystalline at the ordinary 
tomperatnre, we naturaUy regard the ciystals produced as formed in a different 
manner from those crystals which result from fusion. If, again, as is credible, 
the process of cementation can be caused by different influences, so here also, ac- 
cording to our limited observation, several apparently distinct modes of operation 
miqr be lupposed to have been in action. 
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there is, therefore, no other method of determining which of 
the yarioos possible modes of formation was in such cases the 
tme one, except the investigation of the geognostical pheno- 
mena, Tiz. of the forms of the masses, and of the whole cir- 
cmnstances of their occmrence. But this is just a work which 
does not at all belong to the chemist as such. When we really 
see chemists empldyed in answering the question I have men- 
tioned, this takes place, inasmuch as they then make their 
appearance in the character of geologists. That people should 
be deceived in this matter is really very extraordinary. That, 
for example, in the discussion on crystalline limestone, the 
chemists have declared themselves in fftvour of the opinion 
that this rock generally owes its formation to heat, has hardly 
been caused by a single purely chemical consideration. Is it 
at all more probable, for chemical reasons, that the calcareous 
spar (which undoubtedly has in many instances been produced 
without the action of heat), composing, with its small indivi'- 
dual crystalline portions, the granular limestone, should have 
been formed in what is termed the dry way than in the moist ! 
Certainly not. It is known, that in the last mentioned way 
such a mass can even be produced artificially.* As already 
remarked, it is not chemical reasons which have determined 
that opinion, but it is speculations belonging entirely and alone 
to the peculiar province of geology which have called it forth 
from chemists. It is only a dilettantism in this interesting 
science to which we owe this and similar judgments, before 
which even geologists, according to the philosophical maxim 
already quoted, bow with a loyalty that is even regarded by 
them as a matter of no small pride. 

The volcanists should reflect well on the following : that in 
so far as chemists adhere at present, as they will perhaps do 
for some time to come, to the hjrpothesis of the pyrogenic 
origin of granite, the reason of this can be no other, than that 
they have declared for this opinion in the character of amateurs 
of geology ; for there assuredly exists no necessity arising out 
of chemistry itself for adopting this view. By the side of the 

P The medaUionB which are made at San Filippo, in Tuscany, exhibit in their 
intviior a structore precisely limilar to that of fine grained natural marble. - 
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celebrated fact, which shewed the possibility of the formation 
of felspar '' by heat," that fact, by means of whose discovery 
volcanL was enabled to boast of its greatest triumph over ite 
old opponents, chemistry itself now places experiments, which 
prove the possibility of producing felspar in the moist way.* 
That notwithstanding this, chemists who are perfectly im- 
partial with regard to geological disputes, when they have 
only to choose between the Wemerian doctrine as to granite, 
and that which prevails at present, would have no hesitation 
in declaring for the latter, is apparent ; but that they will not 
assert that the latter view is absoiutefy the right one, may well 
be concluded from the advances which have lately been made. 

We may hope that these very advances in chemistry itself, 
will contribute to shew, that the relation which must exist 
between that science and geology, has hitherto not been pro- 
perly understood. In investigations respecting these proble- 
4natical crystalline rocks, and other mineral masses of stiU 
uncertain origin, chemistry can at most only afford geology 
suggestions or considerations. It is for geology itself, with the 
assistance of geognostical investigations, to examine, to what 
extent the explanation proposed and the theories advanced, 
are correct or not. But then it is chiefly requisite, in reference 
to the phenomena existing in nature, to acquire that kind of 
knowledge which is pure matter of fact ; for, should thisknow*- 
ledge of naticral phenomena really become the touchstone of 
theories, good care must be taken that the former is not by 
anticipation modified by the latter. 

In another point of view also, it is of consequence, as re- 
gards the true bearings of the facts, to elicit information which 
jio preconceived theory has influenced. This information is 
not merely to be employed in testing suggestions made from 
extraneous sources for the explanation of phenomena, but 
also, as has already been repeatedly stated, to call forth avail- 
able ideas, which hitherto could not have been obtained by 
any other means. I hope to prove this by the following ob- 
servations on some of the mineral masses, whose mode of 
formation is involved in greater obscurity than that of any 
others. I hope thus to shew the correctness of all the 

* Becquerel's Traite d§ VElecMcitef vol. v. p. 144, &c» 
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opinions I have now offered on the mode of investigation 
at present pursued in geology ; and at the same time, to jus- 
tify the method which has been adopted by myself, and which 
has been so strongly blamed. With this view, I intend to 
treat, first, of crystalline granular limestone, or, to make use 
of a shorter expression, of marble ; next, of several of those 
peculiar mineral masses, which are most easily desi^ated by 
the name of " contact-formations ;" and, lastly, to say some- 
thing on the crystalline silicide-slates, and the unstratified 
crystalline silicide-rocks. I should very willingly have em- 
braced this opportunity of taking also into consideration the 
history of gypsum and dolomite, but the fear of being thought 
much too digressive, causes me to refrain. The subject of the 
crystalline silicide-rocks is, on the other hand, suitable far an 
additional reason, viz., that these constitute the most import- 
ant component parts of the country, to whose description I am 
about to offer contributions ;* and I may remark, that marble 
also is an essential member of the geological formations of 
Norway. 

Orystalline Limestone or Marble. 

The various modes of occurrence of crystalline limestone in 
groups of fossiliferous rocks, are the most instructive. It some- 
times also itself contains organic remains. Not unfrequently 
it presents itself in these groups in the four following ways: — 
1. As larger or smaller spheroidal or kidney-shaped masses, ly- 
ing included in Strata, whose sedimentary origin cannot be 
denied. 2. In the form of entire strata, interposed between 
equally distinctly sedimentary beds, and situated quite in the 
midst of their undisturbed order of succession. 3. As a mid- 
dle portion of such strata, and gradually passing on both sides 
into lincrystalline limestone. 4. As a terminal portion of strata, 
which are elsewhere composed of uncrystalline limestone, and 
which, at their crystalline termination, are in contact with 
isome rock entirely different from the limestone. 

• Professor Keilhaa here aUades to a geognostical description of Konmy; which 
he is preparing for publication, and which we feel assured wiU proye a very valu- 
able oonUibution to Geological Literature. — Edit. 
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At present, we hardly know of a more remarkable example 
of the first mode of occurrence, than that presented by the 
Wenlock limestone of the West of England. This member 
of the upper division of the Silurian system, is both under- 
laid and over-laid by shale, whose nature is well indicated by 
the name of mudstone, which has been assigned to it. The 
Wenlock formation^ consists partly of irregular beds of impure 
argillaceous limestone, and partly of '* ball- stones," as they are 
termed ; and it is of the latter that we have here to speak. 
Murchison, in his " Silurian System" (vol. i. chap. 17.)> de- 
scribes them as " concretionary lumps,'' generally varying in 
diameter irom a few inches to several feet, but occasionally at- 
taining an immense size, consisting of a pure crystalline lime- 
stone, which is sometimes quite a white marble, full of petri- 
fisu^ons, and surrounded by beds of shale and impure lime- 
stone. The strata generally terminate suddenly, when they 
encounter these masses ; but in some places the stratification 
seems gradually to cease at the place of meeting, so that the 
concretions imperceptibly unite with the strata. The latter 
are, for the most part, much contorted, where they surround 
the concretions ; and Murchison's observation on this point is 
remarkable. He says, that these contortions have, for the 
most part, been formed during that process of solidification or 
crystallization, which gave rise to the concretions of the lime- 
stone, and cannot be considered as resulting from the disloca- 
tions by which this tract hajB been agitated, for such con- 

' cretions enter intimately into the structure of the Wenlock 

I limestone. 

Concsretions, which must be regarded as quite analogous to 
the true ball-stones, occur also in the underlying shale. These 
are of a spheroidal form, consist of argillaceous limestone, but 
also sometimes of pure crystalline limestone, and have in part 
a structure similar to the well-known '* cone in cone" of the 
lias formation. Such masses have been found containing 
Crystals of quartz, crystals of calcareous spar, flakes of antiira- 
cite, and organic remains. In the Wenlock limestone itself, 
veins of calcareous spar and copper pyrites frequently occur. 
Murchison, when he first examined them, thought that they 
might communicate downwards with fissures, connected with 
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deeply-seated subterranean agency ; but subsequent examina- 
tion convinced him, that many of them are veins of segrega- 
tion ; and he observed some of them fairly terminating at both 
ends in the limestone. They are most abundant in the proxi- 
mity of the large concretionary masses. Other larger and ver- 
tical rents have their walls lined with crystals of calcareous 
spar, the surfaces of which are coated over with black bitumen. 

If we inquire as to the origin of marble occurring in such 
a manner, and under such circumstances, it is very evident 
that neither of the theories generally received can explain the 
problem. " Fire" is entirely out of the question, and •• wa- 
ter" does not afford us much assistance. The latter has plainly 
given its aid so far; the formation can, and must, be pro- 
nounced to be hydrogenic, and we even know, that it was the 
water of the sea which thus far was in operation. But if 
it was water which deposited the carbonate of lime, still it 
could not, even if its power of solution had been rendered 
ever so great by means - of some accidental component part, 
have produced directly the peculiar calc-spar aggregates, which, 
in this case, constitute the marble. These masses did not crys- 
tallize in the sea ; and as assuredly no one, who pays sufficient 
attention to the geognostical relations just detailed, can ad- 
vance such an opinion, I shall not stop to refute it. 

But how is the new path to be found, which is here to be 
trodden 1 Chemistry does not assist us, for, in the question as. 
to the formation of calcareous spar, it gives no other explanar- 
tion, but either the previous fusion of the carbonate of lime 
or aqueous solution, in which latter alternative, nothing else 
is spoken of but water, excess of carbonic acid, and the shoot- 
ing out of crystals in the liquid. 

Here, then, is one of the instances where, inasmuch as che- 
mistry, so far at least as has yet happened, firmly refuses to 
come forward with other propositions, suggestions for a new 
theory can spring from the geognostical phenomena them- 
selves. When these are attentively considered, the idea oc- 
curs of actions that have operated powerfully in masses, which 
at first were principally mere rough mechanical mixtures, nay ,^ 
which, perhaps, were not precipitated in a crystalline state at 
any one point. The view presses itself irresistibly upon us, 
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that the crystal-forming agents produced the result which we 
have before us, after the deposition of the formation at the 
bottom of the sea. Should it even be necessary to assume, 
that solution did not take place at all during the process, and 
that these agents have had to work in a perfectly solid mate- 
rial, we can easily recall to our remembrance some facts 
which, notwithstanding an old chemical doctrine, render it 
incontrovertible, that a substance can crystallize without hav- 
ing previously been in a liquid state. Inasmuch as it is only 
from geognostical considerations that our attention is direct- 
ed to these facts, which hitherto have not been applied in 
geology (probably, because they were placed in the shade 
by the axiom alluded to), we perceive that, in such a way 
also, these considerations are not without their fruits. From 
the study of the subject, in this point of view, the follow- 
ing events in the history of the Wenlock formation present 
themselves, and these, though perhaps not so well established 
as the experimental chemist requires, must, nevertheless, be 
regarded as certain, viz. : The deposition of masses of mud 
containing clay and lime, and of other mechanical products, in 
which the marine organisms of the period became enveloped ; 
the concentration and crystallization at certain places of the 
carbonate of lime, from which the clay was then removed ; the 
bringing together, and crystallization of the silica and carbon, 
for the formation of rock-crystal and leaflets of anthracite in 
the nodules in which these minerals are found ; all by pro- 
cesses slowly operating at the usual temperature. To these 
may be further added the production of the veins by means 
of similar slow movements of the substances in the hardened 
masses. 

It is no small proof of the irresistible power with which the 
matter-of-fact circumstances of the case speak to the observer, 
that these very circumstances have called forth such ideas as 
those already stated, from a geologist, who is one of the most 
faithful in following the rule, that the theoretical geologist 
must, at all times, unconditionally place himself under the au- 
thority of chemistry. Murchison, who is a keen volcanist, 
does not, however, venture in the case of the Wenlock forma- 
tion, to call in the aid of any ** subterranean agency ;**' although. 
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88 we have seen, he would also here haye very willingly given 
a volcanic explanation. His opinion regarding the metalliferons 
Veins, and the contortions of the stratified masses occurring 
along with the concretions, has been already noticed. In an- 
other part of his work (p. 245), he gives an ideal profile, repre- 
senting some of these concretions, and advances the opinion 
that, as the concretionary structure interferes with the laminse 
of deposit^ and truncates them, '^ there can be no doubt the 
concretions were formed by some chemical or electric action, 
after the first aggregation of the surrounding strata." Mur- 
chison thinks, that the sequence of the operations was : First, 
the successive deposition of the materials composing the beds ; 
and, second^, the arrangement of these materials, so as to occa- 
sion particles of similar matter to unite and form concretions.* 

The second, and still more the third, of the already enu- 
merated modes of occurrence (p. 10), of granular limestone 
in groups of fossiliferous rocks (the first also containing or- 
ganic remains), are likewise very instructive as regards the 
problem of the origin of that rock. I shall here, however, con- 
tent myself with merely mentioning them, and at once proceed 
to tte consideration of the fourth case. 

It has been observed in many localities, that beds of com- 
pletely uncrystalline, often argillaceous, and bituminous lime- 
stone, exhibit, when in the vicinity, or, most frequently, when 
in direct contact with certain other rocks, an entirely dififerent 
constitution, inasmuch as they there consist of pure perfectly 
saccharine granular marble. This phenomenon shews distinct- 
ly, that, in this instance also, the marble is a later product de- 
veloped from the already solid rough mass, and this has been 
imiversally understood to be the case. 

But what is to be said farther in regard to this subject t 

It is clear, that the contact with the dissimUar rock must 
stand in causal connection with the alteration met with in the 
uncrystallme limestone ; and we certainly do not err. when we 

* Jn thiB part of his work, Mr Murehuon is treating more partieolaxty of an- 
other vemaxkable process, which has been in operation in the solid masses, vis. of 
that by which, what are termed " joints," have been prodnced. These are the 
parallel fissures, or iibUmmgen," which, in slates, so frequently cat through the 
true slaiy stracture. 
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at once admit, that the change has been partly or wholly pro- 
duced by this contact. But how did this take place 1 Th^ 
knowledge, that burning liquid masses sometimes burst forth 
from the interior of the earth ; and, in addition, Hallos ex'- 
periments, naturally led to the idea, that these contact tocks 
were at one time in a melted condition, and thus produced 
the conversion by means of heat. Besides, indeed, we find, 
that the rocks in question are, in most cases, those respecting 
which it is, at least at present, assumed, that they were at 
one time in a melted condition ; nay, we perhaps find even 
examples of the masses in contact being undoubtedly pyro- 
genie, and having thus been able to act upon the limestone 
when in a hot state. When, however, we pursue our examina^ 
tion still farther ; when, from the love of truth, we do not fear 
to encounter facts, which may, perhaps, overturn the result thus 
obtained, it may really happen, in consequence of what obser- 
vation has shewn, that we at last meet with such facts, and 
that we are actually placed in the position of seeing our first 
conclusion overthrown. Thus, it is not without example, that 
the conversion of uncrystalline limestone into marble is met 
with near masses, that either have never possessed the high 
temperature that is usually presumed to have existed in such 
instances, or, at least, not since they were in contact with the 
limestone. Such is the ease with a mass of the well-known 
bone-breccia observed by H. Bronn, on the coast of the Me- 
diterranean ; and F. Hoffman saw, in Sicily, limestone repos* 
ing en basaltic tuff^ which was altered in the same manner as 
happens when it is in contact with solid basalt. 

The cautious and reflecting observer will, however, not re^ 
quire fiicts of this description, in order to find it necessary at 
th» point in the investigation, to defer deciding, in the mean 
time, in f&vour of the explanation of the contact-marble by 
means of heat. He will feel the importance of the circum-* 
stance, tiiat the phenomenon of conversion, in the greater num- 
bw of instances, occurs in proximity to rocks, whose fi>rmer 
melted condition is not undoubted, but is only for the moment 
assumed. He will become so much the more circumspect at 
this^ stage, when he discovers that the theorists, from whom 
this opinion emanated, have, in fact, founded it chiefly on the 
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rery occurrence of the marble, in place of compact limestone, 
in contact with the rocks regarded as pyrogenic ! As, indeed, 
imcrystalline limestone deposits, similarly constituted to those 
which exhibit the conversion into marble in the vicinity of 
these other rocks, present the same phenomena of conversion 
in cases where heat has undoubtedly not produced the change 
(as in the instances mentioned at first, p. 10, &c.), it follows, 
that there is no existing necessity for our being obliged to re- 
gard the contact-marble as a product of heat. Such a mode of 
formation would only become probable, if the said marble were 
mthoui exception found in contact with undoubted pyrogenic 
rocks. As, therefore, this is not the fact, the cautious geolo- 
gist must find hunself far removed from being able positively 
to declare, that contact-marble receives a full explanation from 
Hairs experiment. 

It is frequently asserted that the ordinary compact lime^ 
stone, presenting a crystalline structure at its contact with the 
bounding rock, is no .longer stratified where it has become 
crystalline, and that there the fossils, which elsewhere are dis~ 
tinct, have become obscure, or have even completely disap- 
peared. This is certainly true in very many imtances, and 
both phenomena are also very natural. As, however, these 
phenomena must exist in such positions according to the pre- 
vailing theory, because that theory presupposes that the lime- 
stone was at least rendered soft by the heat in order to be- 
come crystalline, a deficiency is apparent, inasmuch as it is by 
no means the fact, that such phenomena occur, without except 
tion, in contact-marble. In the district of Christiania, fossils, 
with perfectly distinct outlines, are foimd in marble next the 
granite.^ Here the mass of limestone evidently did not lose 
its solid condition during its conversion into marble. The ne- 
cessity is thus removed, as far as I can judge, of presupposing 
an excessive temperature ; and thus the process of conversion 
is placed in the same class with those crystallizationa, so com- 
pletely proved by observation, of solid amorphous bodies, where 



* The Museum of the University of Christiania possesses an extremely beatt- 
tiftd specimen of this description, ini^hich the Catenipora labyrinthiea is fully as 
distinct as in the completely uncrystalline limestone of the same district 
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heat may sometimes, indeed, operate as an assisting, and, as 
it would seem, as an accelerating, agent, but which can also go 
forward at the usual temperature. Although we not unfire- 
quently hear from volcanists (for the facts often drive them to 
this), that fusion was not necessary in order that the change 
in question might take place, yet it is not to be denied, that, 
in their mode of yiewing the matter, they must think that 
the limestone was reduced to a state of softness ere it could 
become crystalline ; and, according to their whole line of ar- 
gument, they are more especially compelled to adopt this sup- 
position in the cases where various accidental minerals, such 
as silicates, are crystallized in the mass of limestone. Now, 
where the distinct petrifactions are met with in the marble, 
there were likewise found various foreign crystallizations 
which had plainly been produced simultaneously with the cal- 
careous spar of the marble, between whose crystals they are 
embedded. Naumann attests this fact in his " Beitrdge zur 
Kenntniss Norwegeni'' (vol. i. p. 12) ; for he says, — " We found a 
very distinct specimen of Favosites {Calamopora) embedded 
between fibres of tremolite." In the marble quarry of Gjel- 
lebok, between Ghristiania and Drammen, garnet, zinc-blende, 
and large masses of grammatite occur, and amongst these 
distinct petrifactions are met with. 

If those who explain contact marble by a melting heat, flatter 
themselves that they have struck out the only safe and really 
legitimate path of investigation, such is, undeniably, a great 
deception. If we consider aU the circumstances of its produc- 
tion — ^if we do not select certain of them, which, as regards a 
particular view, seem to suit, and if we do not suppress the 
others, — ^we do not arrive at the result, that the substance in 
question has been melted either partially or completely. It is 
by no means a physical or logical necessity which calls forth 
this result, but it is the desire to possess a principle which is 
so urgently requisite in the system adopted. It sounds well, 
and is perfectly adapted to deceive the less skilful, when it is 
said, — ^we found our opinion on the old chemical axiom, that 
it is only bodies in a liquid state which can crystallize ; we have 
on our side the fact confirmed by experiment, that melted 
limestone consolidates into just such a crystalline mass as the 
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prodact in question, under precisely Ae same circnxnstaaces 
as those under which the said product must have Iiad its ori- 
gin ; in short, if there be theorists who endeavour to tread on 
safe ground, and who wish only to ascend from what is known 
to what is unknown, then assuredly we are those theorists ! 
And it is BO much the more easy to be thus misled, because 
the doctrine of these theorists is so simple, and can 1>e under- 
stood with so much facility. All difiBumlt details odP the «di- 
ject are necessarily kept at a distance, for if they were intro- 
duced, the triiole theofy would be destroyed. 

At pcesenty all that can be legitimately asserted (by mak- 
ing full use of '< what is known"* connected with the ques- 
tion) regarding the marble which occurs so frequenlly at the 
contact of another rock, but which, in other respects, belongs 
to some uncrystalline deposit of limestone, is limited to the 
following : a. That it must be considered as a product of Ihat 
probably very slow process by which crystallizations and che- 
mical results generally, are effected by modes of operation 
which either cannot be at all imitated by art, or can be so 
in but a very imperfect manner ; and, 6. That the actions 
wkich took place were either caused, or, at least, greatly 
assisted by the contact of the limestone with the other rock 
of an entirely different description. 

We may conjecture that it was electricity which here per- 
formed a principal part ; we may willingly consider the phe- 
nomenon as the result of a '^ molecular action" that has taken 
place in the solid mass ; we may speak of " concretionary ac- 
tions" (Murchison, i. 360), of " corpuscular forces,^^ &c. ; in 
short, we may proceed as if we knew something of the pro- 
cesses which were in operation : but it must still be allowed , 

• Hitherto do one has brought all this together. Among the circumstances 
which belong to those that beai; on this matter, we may also include what it 
known respecting the cKstance from the line of contact at which the limestona 
begins to be granular, and also the power of conducting heat possessed by melted 
rocks. As tO'the first point, I can instance that the dark compact limestone of the 
« Christiaala district begins to become light-coloured and crystalline at a distance of 
^OOO* or 5000 feet from the granite ; and, regarding the second, that, on Mount 
][ftia, an old stream of lava has been seen reposing on a mass of ice, over which 
it had been poured, just as in Iceland lava-streams hare been found rwting o^ 
itiU existing glaciers. 
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4hat we do not, in fact, at all understand their natore, and thai, 
aa these are so little adapted for investigation b j the assistaxu^e 
of experiment, there is but little prospect of afterwards ae- 
quiring more than a conjectural knowledge of the subject. 
The prospect is certainlj not enticing. We hayop however, 
acknowledged that it is quite natural that a complete and per- 
fectly candid study of facts must often leave us with nothing 
but what is inexplicable. If it be true that, when every thing 
is fully explained, there is room for doubting that the strictest 
attention has been paid to what is matter of fact, the friend 
of truth will readily be satisfied with his less distinct result. 

We now proceed, so far as that can here be done, to treat 
of the marble which occurs in the oldest rocks, or in forma- 
tions which contain no organic remains. I say, in so far as 
that can here be done, because our opinion of the origin of thi» 
marble is, after all, entirely dependent on the view we deest 
it necessary to take of the mode of formation of the pdneipal 
rocks among which it presents itself. 

Here in the North — ^and, no doubt» the same is the case in 
other places — ^what is termed primitive limestone occurs most 
frequently in gneiss, mica-slate, and homblende-slate» in masses 
which, at the first glance, might be thought to have completely 
the nature of beds, but which, on closer inspection, do not at all 
correspond entirely with the idea of beds, in so far as we un- 
derstand by the term bed a particular stratum constituting a 
member of a series of layers parallel to one another, which wei^e 
gradually deposited the one upon the other, each for itself in its 
own period cf time. The relations exhibited by these masses 
of marble are by no means so simple as they would have been, 
had, foe example, a stratum of mica-slate been first formed, 
then over it a stratum of marble, and again over the last mica- 
date. It is not only the case that, at the junction of the lime- 
stone and the including rock, we find both masses, as it were, 
mixed with one another, inasmuch as frequently grains of calo- 
spar are disseminated through the slate, and in the same way 
the constituents of the latter disseminated in the marble, but 
both rocks frequently invade the boundaries of each other in 
a bifurcate manner ; nay, portions of slate, entirely isolated, 
are often met witii embedded in the marble, while the latter 
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likewise fonns isolated masses in its hanging and lying includ- 
ing strata ; the limestone in this instance being nsnally in very 
ihin stripes between the strata, and the portions of slate like- 
wise being parallel to the planes of stratification of the great 
slate masses. The individual plates of mica, too, which occur in 
the manner just stated in the m£U:ble near its junction, are 
parallel to the planes of stratification ; and the same is the 
case with the hornblende crystals which are met with in the 
marble, when the latter is in contact with hornblende-slate. 
All this plainly shews that, in fact, no such entirely exclu- 
sive process of formation can have produced such a marble ; 
whereas it is clear that the origin of the marble and that of 
the slate, both as regards the time and the mode of produc- 
tion, have had very much in common with each other. If now 
we must, in so far as the slates compose! of siliceous com- 
pounds are concerned, reject the Neptunian theory (and this 
I regard as absolutely necessary), this must also be done in 
reference to the marble.* And those who are of opinion that 
the calc-spar constituting the marble has been formed by car- 
bonate of lime in a state of fusion, or, at least, softened by 
heat, having been slowly solidified under sufficient pressure, 
will, in consequence of the above-mentioned relations of the 
whole mineral combination, doubtless not fail to admit that 
the silicates and the quartz of the slate are equally the pro- 
ducts of fiision ; while, on the other side, it will be conceded, 
that if the non-pyrogenic origin of the including slate can be 
proved, a pyrogenic origin cannot be assigned to the marble. 
This result will, I hope, be kept in remembrance afterwards, 
idien we consider the origin of the primitive slates. Those 
who already, perhaps, think that this marble has been formed 
by '* actions lentes^^ without heat, will doubtless refer to the 
analogy of its geognostical relations with those of the mdsses 
of marble occurring between uncrystalline strata, which were 
already discussed. 

With respect to the crystalline limestone, an esteemed 



• I shall not pause here to adduce arguments against the Neptunian hypothe- 
■is. The many silicates occurring in primitive limestone contradict it, as was 
•hewn by Berxelius in his Jiihretberidu for 1839. 
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geologist expresses himself in the following tenns : — '^ This 
rock occurs in not a few localities under circumstances which 
are in favour of its having burst forth from the interior of the 
earth in a melted condition, and that subsequently to the for- 
mation of the gQciss and mica-slate. The limestone masses 
bear completely the stamp of great veins, or of the upfilUngs 
of fissures. There are appearances indicative of a violent 
pushing of the limestone into the surrounding rock. Where 
the limestone is in contact with the bounding rocks, we find, 
sometimes on the former, sometimes on the latter, the conse- 
quences of powerful rubbings, exhibited in specular or friction 
surfaces. Farther, the granular limestone includes fragments 
and large masses of the bounding rock ; and lastly, where the 
former meets other rocks, we find contact products of various 
descriptions, according to the nature of the difierent ix)cks 
which are in proximity to the limestone." 

Regarding the preceding quotation I must remark, that what 
I have sdld of the mode of occurrence of the marble, may very 
easily be made analogous to the appearances described by the 
author. When the strata of the slate are much undulated and 
contorted (as may every where be observed, both when the 
marble is present and when it is absent), the whole pheno- 
menon acquires a complicated aspect, and the isolated por- 
tions of slate embedded in the marble may easily be thought 
to resemble actual fragments, which, it may be imagined, 
were violently torn firom the hanging or lying sides. The 
minerals disseminated in the limestone at its junction with 
the slate, and which are the same as those of which the slate 
is composed, may readily be taken for " contact products ;" 
that is, for products of quite a different act of formation from 
that which gave rise to the mineral species of the slates. 
As to the marks of rubbing and sliding, they prove nothing 
for the view expressed, as they can scarcely have been pro- 
duced in any other way than by the action of perfectly com- 
pact masses on one another ; and they are met with in all 
places and in all kinds of rocks where separations have occur- 
red, and where the separated part has been subjected to a 
sliding or other movement. 

VOL. XXXVI. NO. LXXII. ^JkPRIL 1844. 2 A 
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That, however J granular limestone can occur as the npfiH* 
ing of fissures, that sometimes it contains true fragment of 
the indnding rock, and in the vicinity of tilie latteris aecem- 
paniedbj peculiar mineral productSyis willing^ conceded; but, 
as I hope to make a{f>areiit afterward^ all this is no proof of 
the pyrogenic origin of marble* The chief object I had in Ttew 
in quoting the passage, was to direct attention to the pernicious 
eonsequences of the mode of proceeding at present followed bj 
80 manygeologist&r I maybe forgiyenfornot being aUe to help 
thinking that wtf really have here an example of the xnanner 
in which the science may be deprired of that impartial obser* 
yation and delineation of facts so perfectly indispensable &r 
its fldTancement ; and this either because the observer had 
fTieyioasly a particular opinion as to what must and should be 
found, and thus was led quite involuntarUy to construct rather 
than to observe and remark directly, or because the describer 
was unwilling to represent facts which, perhaps^ he could not 
at once satisfactorily account for to himself and others. As^ 
in the description which has been quoted, the occurrence of 
the limestone as the upfiUing of fissmres^ is alone mentioned, 
we aire thus only informed of the very rarest case met with ; 
while the usual mode of occurrence of the marble in the crys« 
talline slates, and precisely that which constitutes the. general 
rule, is. altogether omitted^ As I speak here firouL my own 
observation, I beheve that my distrust wiQ be thought natural, 
and that, therefore, no disapprobation is to be expected even 
firom the respected auth(»r himself on account of my candid 
expression of opinion. 

(To be continued,) 



Notices of Earthquake-shocks felt in Foreign countries^ in 
Britain, ^c. By David Milne, Esq-, F.B.S.E., M.W.S., 
F.G.S., &c. Communicated by the Author* 

(Continued frem page 86^ 

This comparison is facilitated in regard to one portion of the 
contincAt, by there having been a regular register kept of the 
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shocks from the 19th December 1838 to the 8th March 1840. 
The shocks so registered, were felt at St Jean de Maurienne, 
in Savoy, a place where the sun comes to the meridian about 40 
earlier than at Comrie. As the time of each shock is giveti 
in hours and minutes in this register, means are at once af- 
forded, forjudging whether the shocks at St Jean de Mamienne 
and at Comrie corresponded in point of time. 

The following are the results of this comparison : — (1.) The 
two Registers run together for five months, viz. from October 
1839 to March 1840. (2.> During that period, 180 shocks 
were felt at Comrie, and 58 at St Jean de Maurienne. (3w) 
At Comrie, the most violent and the greatest number of lAocks 
occurred in October 1839, whilst at St Jean de Maurienne, 
December 1839 was the month, during the above period, in 
which they were most frequent atid severe. (4.) Whilst at 
Comrie there were, during the above period, about 61 days 
on which shocks occurred, at St Jean de Maurienne therl^ 
were only 22 days. (&.) During the above five months, when 
shocks were occurring so frequently at both places, there 
were only eleven days on which shocks were felt at both, 
within the same space of twenty-four hours. (6.) So far frdn^ 
any of the shocks, on these days, having happened at St Jean 
de Maurienne about 40^ before they were felt at Comrie, no 
shocks occurred at the two places nearier one another than 
3J hours ; and no regularity of intervals between the shockj» 
of the two places, is discoverable. 

These'results shew conclusively, that the shocks of earth- 
quake at St Jean de Maurienne, have no correspondence or 
connection, in regard to the period of their occurrence, with 
those at Comrie. Indeed, the circumstance stated in the rep<Mt 
on these earthquakes, that the shocks caused by them were 
not in general felt to extend into Piedmont, prove that, just 
as at Comrie, the origin of them cannot be very deeply seated. 
But what is thus proved of earthquakes in Savoy, viz. that 
they have no connection with those occurring in Great Britain, 
will be found to hold equally good of earthquakes occurring 
in other parts of the world. Some trouble has been taken 
to collect notices of sue, and a number have been collected 
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applicable to the three last years, which will now be given 
chronologically. 

2dd March 1840, at night. — Ammerapoora^ almost destroy- 
ed by an earthquake. The shock lasted 2' or 3', and killed 
about 300 persons. The cities of Ava and Tarquin are also 
said to have been destroyed by an earthquake, with many 
neighbouring villages. 

20/A June 1840 (old style.) — Mount Ararat convulsed by a 
series of earthquakes, which " occurred at intervals, till the 
28th July. They afterwards diminished in force, but they 
did not entirely cease in the district of Sharar, until the Ist 
September ; and though very feeble towards the close of that 
period, they were still accompanied by a slight subterranean 
noise." The severest shock was on the 20th June ; and it 
was such as to crack the walls, in a number of towns and 
villages. " The shocks which occurred between the 21st and 
28th June, overthrew the buildings which the first earthquake 
had shaken. The heaviest shocks afterwards observed, were 
on the 14th July, at 3 a.m., and on the 25th July, at 3 and 10 
A.M., and 5 p.m. The shock on the 20th June occurred at 
6^ 45' P.M., and it was such as to change, " in a few moments, 
file entire aspect of the country in the neighbourhood of 
Mount Ararat. Kepeated but intermittent shocks, which 
seemed to come from the mountain, gave to the earth a 
movement resembling waves, which continued for about two 
minutes. The first four and most formidable shocks were 
accompanied by a subterranean sound, and have left traces 
on the summits of hills, and bottoms of valleys, which the 
eye of the scientific observer will recognise after many ages 
shall have passed away.'^ 

It was, at the same time observed, that numerous rents or 
fissures took place — all parallel to the course of the rivers 
Araxes and Arpatchai, and which ploughed the earth to the 
distance of a verst from the beds of the rivers ; and in ac- 
cordance with the movement given to the soil by the shocks, 
they were seen every moment to open and shut. There also 
occurred a great number of vertical explosions from the bot- 
toms of holes, like little craters, which, opening and shutting 
in the saQie way as fissures, spouted out torrents of water, 
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and cast up immense qnantities of pebbles and gravel. The 
influence on the wells was remarkable. In one canton, up- 
wards of thirty springs were dried up for some time. Some 
continued for several days after the catastrophe, to yield 
only thick and whitish-coloured water ; others became more 
\\ abundant than they had been.* 

20th October 1840.^ — " At Zante, an awful earthquake took 
place, which was followed, in the course of one week, by 
about one hundred shocks. It occurred in the middle of the 
day. The Lord High Commissioner, who was in a steam- 
boat at the time, and within six miles of land, imagined that 
the boiler had burst. The island of the Trente-Nova has 
sunk into the sea. The buildings which had their foundation 
on limestone, escaped pretty well, except one village, which 
was turned topsy-turvy ; — the strata underneath shewed it- 
self betwixt the lime formation, to be full of large veins of 
mud." 

\lth November 1840. — " At Philadelphia, a severe shock 
occurred at night. It was accompanied by a great and un- 
usually sudden swell in the Delaware." 

22d November 1840. — " In Java, there was an eruption of 
Mount Gede. Subsequently, other eruptions took place, — ' 
viz. on 1st December, at between five and six o^clock in the 
morning ; on the 2d, at half-past eight ; and on the 3d, at six 
in the evening. The following are some particulars of the ex- 
plosion of the 1st, which was more violent than the two others. 
After the first violent explosion, accompanied with a slight 
motion of the earth, the fire rose from the crater to the height 
of four hundred or five hundred feet, at the same time a thick 
column of smoke rose to the height of fifteen thousand feet. 
(These estimates are founded on the ascertained fact that the 
top of Gede is 7600 feet above Tjunjir.) The noise resem- 
bled the report of several pieces of artillery, accompanied by 
flashes of lightning. The sight was the more magnificent, as 
the sky was perfectly cloudless and serene. An eye'-wituess 



* This is abbreviated from an official account published by the Rtissian Qo* 
vemment. 
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gives the details of the preceding eruptions. On the 11th 
he ascended to the top of Mount Cede, and stopped there to 
pass the night. He was awakened, about four o'clock in the 
morning, by an explosion of the crater ; the fire rose to the 
height of one hundred and fifty feet. On the same morning 
stones were cast up from one to four feet in diameter, and many 
of smaller size ; the largest fell the distance of two pals from 
the crater; the smaller ones, with pieces of brimstone an 
inch in diameter, four pals ; and ashes sixteen pals irom the 
crater. In the eruption of the 2d, the noise of which was 
louder than the preceding, many stones, about five feet in 
diameter, fell." 

FebriMry 26, 1841. — *' At Zamte, after three days and 
nights of incessant rain, attended by a violent gale of wind, 
a most alarming shock of earthquake was felt about seven in 
the evening. It was not so disastrous as ihat of last October, 
but the duration was much longer, the vibration being con- 
tinued from thirty to thirty-five seconds, while the former 
lasted only eight or nine. The streets were in an instant 
filled with the terrified people, eager to fly^ but not knowing 
where to seek safety. In their houses they dreaded being 
buried in ruins ; in the streets they were drenched with rain. 
Only a few houses fell, either in the town or the surrounding 
country ; otiiers were more or less shaken^ and as the shocks 
recur daily, we have every reason to fear that, in the end, the 
town will become a heap of ruins. After the earthquake of 
October, which destroyed nearly all the houses in the island, 
Zfuite expeiienced successive e9K)cks, more or less strong, dur- 
ing forty days, making the number amount to no fewer than 
259, and during the remainder of 1840, vibrations of tiiie 
earthy more or less perceptible, nearly every day. All the 
violent shocks were attended with dull rumbling sounds and 
subterranean explosions. Sometimes these noises were heard 
withoutt being succeeded by any vibration, and sometimes the 
shocks were silent. Since 1514, Zante has experienced 
twenty-one earthquakes. That in 1514 divided the hill on 
which the fortress stood, and buried part of the ancient town 
in the ruins. In 1767, the shocks were repeated for three 



and egpecialfy in Scotland. 367 

months, during whidi an epidemic disease prevailed. In 1791» 
the great shock lasted several minutes, caused immense dam- 
age» and was followed by minor shocks for six weeks. In 
1820, the earthquake, which once more desolated the island, 
was preceded by a single flash of lightning. That of 1837 
lasted with great intensity for twenty seconds ; and that of 
1480 was the most disastrous of alL In fine, the unfortunate 
island of Zante has suffered during the sixteenth century, two 
earthquakes ; during the seventeenth, three ; during the 
eighteenth, ten ; and during the first portion of the nineteenth 
centurv, six.'* 

March 22^ 1841. — f* The shock of an earthquake was felt in 
the morning, along the Mosxlli^ between Treves and C!o- 
blentz, and up the Rhine as far as Camp« in the Duchy of 
Nassau, a line whidi coincides with the region of extinct vol- 
canoes in that ndghbourhood. The steersman of one of the 
steamers dedares he saw a blue flame rise from a hill at a 
distance, in the direction mentionedf which« after remaining 
suspended in the air for some time, descended and disappeared 
upon the spot it rose from. Letters from Naples bring intel- 
lig^ice of the destruction, by an earthquake, at Reggio, of 
the Cathedral, four churches, three chapels, the palace of the 
Provincial Govemmeni, the Police Office, and a great number 
of houses ; ten or twelve persons were killed^ and three hun- 
dred injured. Hie same shock was felt at Messina." 

June 1, 1841. — '^ An earthquake was felt at Kingston (in 
Jamaica) on this day. Several fisttal accidents had taken 
place, in consequence of the rains having flooded many of 
the roads.*' 

June 12, 1841.— ^^^ At 4 p.. u^ in the island of Tbrcbiba, an 
earthquake occurred, followed by a more severe shock, at 
5^ 25' p. K. On the 13th, tremblings were felt at short in- 
tervals. On the 14th, at 4 a. m., a perfectly perceptible un- 
dulation destroyed a number of buildings ; and the Villa da 
Praia de Victoria was reduced to a complete ruin at half-past 
three in the morning of the 15th, by a vibrating and distinctly 
visible rocking motion. Not a single house or edifice escaped. 
The ground then remained comparatively quiet till 2^ 40^ a. x. 
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OD the 16th, when a violent shock did farther damage. Every 
convulsion was preceded by a loud subterranean or sabmarine 
noise, which exactly varied in intensity with the force of the 
shocks. A rent, a mile in length, was formed in the ground 
extending from the shore. Only some of the severer shocks 
were felt in the adjoining islands." The somidings round 
Terceira were not altered."*'* 

On the 12M June^ there was an earthquake also at St 
Louis, situated near the junction of the Missouri and Mis- 
sissippi. 

Jul^ 4 and 5, 1841. — During the night, between these two 
days, two shocks of earthquake were felt in the central parts 
of France, which presented phenomena in many respects ex- 
tremely interesting. 

The following notices are taken from the Journal des De- 
bats of 9th and 15th July : — 

" On ni^t between Sunday (July 4, 1841) and Mondity 
at 12^ 25', three shocks of earthquake were felt at Blois, in 
tiie suburbs of Vienna and of Foix. The subterranean cur- 
rent seemed to have run along the.side of the Grovets as far 
as Chouzy, and to have shaken specially the alluvial districts. 

'^ The timbers cracked in a way which threatened the safety 
of the houses. The furniture was displaced and even upset. 
In the preceding evening, at 8 p. m., a violent storm passed 
over Blois, but the clouds soon dispersed. 

^^ At 10 p. M., the clouds again accumulated, and after the 
earthquake shocks, the rain fell in torrents. 

'^ In the course of the same night, between midnight and 
1 A. M., several persons observed a globe of fire which burst 
(eclat6) in the air, and struck against the willow-trees at 
Sanitas. This circumstance has sometimes made us doubt, 
whether the violent commotion felt during the same night 
was the effect of an earthquake. We attribute it to the ex- 
plosion of this electrical meteor ; but since it has been re- 



* This last fact was.communioatod tomOi by Captain Vidal, R.N., commanding 
the surveying vessel sent to Terceira by the British Government, soon after the 
eaHhqiiake, to make fresh soimdings. 
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ported; that the same effects had been felt at St Cloud, Me- 
nars, Cellette, Chaumont, Chauzy, and the surrounding places, 
it is impossible to see in them only an electrical commiotion. 
Besides, the most conclusive phenomena have been remarked : 
here^ plates violently set in motion, therej beds changed in po^ 
sition ; farther off, empty barrels upset. What is most singu- 
lar is, that even in the oldest buildings, no cracks have been 
noticed. 

** At Moulins, Engilbert (Nievre), the shock was very se- 
vere, and lasted several seconds. People rushed out of bed, 
and out of their houses, believing that the end of the world 
was at hand. Large articles of famiture were moved out of 
their place. 

•* The earthquake was felt at 12*" 45', at Paris, Tours, and 
Nevers. From this town they write, that two detonations, 
deep and hollow, preceded by several seconds, the principal 
commotion, which was such that a crowd of persons felt 
themselves roughly shaken in their beds. The oscillatory 
movement manifested itself from W. to E., and lasted about 
2^. In this country, where such phenomena are probably 
without example, there has been no proper explanation yet. 
given of this unusual shock- The atmosphere was all the 
time in a profound cahn, only the air was heavy (lourde), the 
moon obscured, and one could remark on the horizon great 
clouds of a red colour charged with electricity. 

^^ At Orleans, in the Hotel Dieu, the servants and patients 
distinctly saw the beds move. The terror experienced by 
certain persons has been. so great, that they mention the case 
of ladies who are still (7th July) ill. A second shock, but 
much less severe, was felt towards 4 a. m. On the Saturday 
night} an atmospherical phenomenon sufficiently remarkable 
occurred, as a precursor. On Sunday evening, about 7^ rl h., 
a choking heat, which had prevailed all day, gave place sud- 
denly, and without transition, to a violent g^t, such as gene- 
rally precedes storms, and yet there were few clouds in the 
sky. At Chateau-neuf (near Orleans), the shock was suffi- 
ciently strong to crack the plaster of houses, and to shut doors 
standing open. 



370 Mr D. Milne tm Ear^uake-Skoeks felt in Great Britain, 

** At Pontleroy (Cher), after a warm and calm dajr, a wind 
snddenlj and violently got up towards 8 p. h.» cm the 4tk 
July IBil. The sky was charged with electrical douds. 
Vast lightnings iUiiminated the horiz<m. At last, at 12^ 30", 
a deep and hollow sound was heard, and it was followed by & 
marked oseiUaticm that lasted 3^ in the direeti<m from W, to E. 
At 3^ 40^ ▲. X., a second movement was repeated. Then 
slighter oscillations were renewed at a later hour. The 
weather was calm at 4 A. v." 

The same paper^ under date Montargis, the 5th instant, 
states, that ^ a noise was heard in that town similar to that 
produced by the explosion of cannon, but as there was no ar- 
tillery there, every one was inquiring what could have pro- 
duced it It was affcerwards ascertained that a stone had 
fallen from die clouds at Chateau Renu*d, half a league from 
Montargis. This stone was round and of a dark colour , 
and weighed 95 lb." 

The following paragraph appeared about the ssune time in 
Gralignanrs Messenger :-^" The diocks of the earthquake felt 
at Paris on Sunday night, were perceived wUli greater force 
in the centre of France. The same storm that fell over the 
capital visited a considerable part of France. A rumbling 
noise is said to have been heard in most ^ots, attending the 
oscillations of the ground* At Orleans, on the same evening 
about eight o* clock, a violent whirlwind passed over the town, 
and the evening was dark and stormy until midnight, when 
the horizon began to clear up, with occasional lightning. At 
this time there was not the slightest wind. At a quarter be- 
fore one on Monday morning, three shocks of an earthquake 
roused the inhabitants from their sleep, and occasioned great 
alarm. They succeeded each other at intervals of from 30 
to 35 seconds. The first, whieh was the most violent, had 
the effect of a violent motion from east to west ; the two 
others were from north to south. The third, in particular, 
lasted a pretty long time, and many persons who were lying 
in their beds, placed in the direction of east and west, felt 
them move five or six times. Those, on the contrary, whose 
beds were placed in the direction of north to south, felt their 
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heads and feet rise and fall with great rapidity. Thk last 
shock had a noise like that of a heavily-laden carriage pass- 
ing oyer a pavement at a distance. A s^ort time afterwards 
a violent wind rose, and was followed by torrexits of rain. 
At three in the morning the storm was over^ but another 
shock of earthquake was experienced. This was in Ae direc- 
tion of north to south, but was less violent The shocks were 
felt in all the communes near Orleans, but, with the except 
tion of the derangement of small articles of furniture, and 
some slight cracking, no evidence remained of them. It is a 
remarkable fact, that all the insane patients of the asylum at 
Orleans passed the night in a state of extreme agitation and 
irritation." 

14/A July 1841.—^'^ On this day a remarkable phenomenon 
was witnessed at Marseilles, where, between eleven and one 
in the day, a strong tide set in at the mouth of the harbour 
and caused the level of the water to rise a foot and a half, 
knocking several vessels against each other, and causing some 
alarm. At this port no tides are ever felt^ and the cause of 
this sudden rise of the water is supposed to be connected with 
a volcanic phenomenon on the other side of the Mediter- 
ranean, accounts of which will probably be received at a fu- 
ture period." 

IQth August 1841.—^' At Antigua, in the morning of this day, 
a shock was felt. It was a sudden and severe jerk, with a 
short subsequent tremor.** 

VJth Augmt 1841. — " At St Lucia, on the evening of this 
day, a most appalling shock of an earthquake was experienced 
here. Though it did not last for more than twelve seconds 
of time, the agitation oi the earth was of the most violent na- 
ture, preceded by a hoarse rumbling sound. We are happy 
to add, that the shock has not been attended with any deplor- 
able effects here ; only some slight cracks have appeared on 
a few stone buildings in town,'*' 

Martinique.— "-Three shocks of an earthquake had likewise 
been experienced in this island. 

2d September 1841. — At San Jose, Gosta Kica, on the 
Isthmus of Darien, an earthquake occurred a little after 
6 A.M. — ^^ The houses, though much shaken, had not fallen, 
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ond we were every instant expecting another shock. The 
next was less violent, and fortunately did no damage. But 
for nine days, we were kept in continual alarm, by slighter 
tremblings of the earth. The houses here are only from 
12 to 15 feet in height, as some precaution against the dang^ 
of earthquakes. In Cartage, five leagues hence, the effects 
were dreadful. In less time than I can write, a city of 
10,000 souls was laid in ruins. The* cause of these calamities 
has been the eruption of a volcano three leagues beyond Car- 
tago. The last earthquake took place in the year 1822.'* 

2bth September 1841.— This was the day on which a re- 
markable disturbance took place in the magnetic equilibrium 
of the earth, as indicated by observations on the diurnal mo- 
tion of the magnets made simultaneously at Greenwich, To- 
ronto (in Canada), St Helena, Cape of Good Hope, and at 
Trevandrum (in India).* 

It is stated in the Toronto report of this disburbance, that 
one had occurred there on the very same day iii the previous 
year ; and that " the months of September and October ap- 
pear to be those of greatest disturbance." 

No earthquake-shocks are noticed as having occurred on 
this occasion. 

End of October 1841. — The town of Komom, on the island 
of Schutt, in Hungary^ at the confluence of the Waag and 
the Danube, was visited by an earthquake, which shook down 
all the timber houses, and seriously damaged other buildings. 
In consequence of this disaster, upwards oi five thousand 
people are said to be ruined, and left without shelter. The 
general loss is estimated at an immense amount. 

21th December 1841. — At 6^ SO' a.m., in Calabria, there 
was a strong shock of earthquake, which lasted 15''. 

From the foregoing notices of shocks in various parts of 
the world during the years 1840 and 1841, it appears — 

(1.) That ^ere were only three occasions on which shocks 
occurred on the same day in different parts of the world, — 



^ Reports of British. Association for the Adyancemeiit of Scienoe^ lS4i^ 
p. 846. 
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viz. on 22d March 1841 (at Comrie and in Germany), on 12Ch 
June 1841 (at Terceira and St Louis), and on 4th July 1841 
(in Argyleshire and in France). But in these coincidences, 
there is nothing to indicate that they were not purely acci- 
dental. 

(2.) That on the occasion of the most violent shocks, vio- 
lent atmospherical disturbance was, as usual, exhibited. 

Thus, the one under date 26th February 1841, took place 
" after three days and nights of incessant rain, attended by a 
violent gale of wind." 

In the account of that shock, reference is made to one of 
older date, which << was preceded by a single flash of light- 
ning ;^ a phenomenon, common enough in all volcanic erup- 
tions, as exemplified under date 22d November 1840. 

In those parts of France aflPected by the earthquake of 4th 
July 1841, it will be seen, that at one place " a violent whirl- 
wind" occurred, succeeded first by a calm, ^' with occasional 
lightning," and afterwards by " a violent wind" and ** torrents 
of rain ;" — at another place, " a globe of fire burst in the air, 
and struck against the willow trees ;'^ — at a third place, a 
noise like *' the explosion of cannon" was heard, near to which 
place a stone fell *' from the clouds" — ^weighing 95 Ibs.*^ 

Having mentioned the shocks of earthquake in Great Britain 
as well as abroad during the years 1839, 1840, and 1841, we 
proceed with an account of such as have since occurred, in so 
far as accounts of them have been obtained. 



I. Notices of British Earthquakes during years 1842 and 

1843. 

We begin with an extract from the Comrie Register. 
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LIST OF XAETHQUAKS SHOCKS FBLT AT COXRIE IN 

1842 AND 1843. 



TBARS 



Tear, Month, 
andDaj. • 


Time of D^y« 


rength 
Shock. 


Babomxtxb 

at 

1 


Average 

of Bar. 

for 


Quantity 
of Rain 
for 




' 








^*S 


9 A.M. 


9 F.M. 


Month. 


Month. 






1842 


. 


















Janiiuy 


2. 


A. M. 


1 














MM 


7. 


A. M. 


1 








2.21 


for Jan. 




kWM 


MM 


A. U. 


1 














March 


10. 


1 P. M. 


1 








4.15 


for Feb. 




April 


21. 


3 p.m. 


1 








4.95 


fbr March 




«M«« 


22. 


10 SO' P.M. 
11 P. M. 


1 
2 


■ 






0.02 


for April. 




June 


T 


12 a.m. 


1 








3.14 


for May. 




— 


2. 


1 A. M. 

IJSO'A.M. 


2 

n 


... 


• • • 


30.11 


3.83 


for June. 




«MM 


MM* 


r 46^ A.M. 


.. 














July 


1. 


2^^ P. M. 


1 














•«M 


MM 


4»» SO' p. M. 


1 


• . 


* « 


29.78 


2.59 


for July. 




MM 


? 


9 a.m. 


1 














OWr* 


10. 


3Ii 30' p. M. 


2 














August 


f 


9 


a* 














MMI* 


? 

? 


? 
? 


• • 
4^ 


... 


• ■ • 


29.93 


1.56 


for Aug. 




%«l»<» 


27. 


llh 45' p. M. 


1 














Sept 

«4m 


2. 
24. 


3 a. m. 
6»»63'a. M. 


1 
3 


. ■ . 


• • • 


29.75 


2.81 


for Sept. 


««>)« 


MM 


e** 59' p. M. 


2 










■>*M% 


26. 

Mw» 


A. M. 

A* M. ( 


1 

1 


... 


• •# 


29.87 


0.90 


fi>rOet 




NoYem. 


18. 


12 p.m. 


1 














■>*M% 


29. 


12»' 11' P. m. 


1 


29.38 


29.67 


29.62 


2.83 


for Nov. 




Decern. 


4. 


2 a.m. 


•• 


29.15 


• • • 










%%•« 


17. 


8 a.m. 


1 


29.42 


29.52 


29J5 


6.27 


for Dec. 




■Mni« 


•<M% 


A. M. 


1 


• • • 


• • • 


29.43 


2.91 


for Jan. 




■MA« 




A. M. 


1 


• • • 


29.69 


1.04 


for Feb. 




1843. 


















March 


23. 


8h 30' P. M. 


2 


29.17 


29*35 29.72 


3.22 


for March. 




May 


14. 


11 p. M. 
1 A. M. 


1 
1 


• • • 


• • • 


29.59 


5.17 


for April. 




MM* 
MUM 


28. 


2 a.m. 
12k 20' P.M. 


1 
1 


• • • 


• • • 


29.60 


3.56 


for May. 




June 


4. 


12»» 15' p. m. 


2 


29.82 












«««« 




3 P.M. 


• • 


• • • 












%%•« 


10. 


2^ 30' A.M. 


•• 


29.46 


29.78 


29.90 


. 2.22 


for June. 




MM 


»M» 


3 a.m. 


•• 














*W»* 


15. 
17. 


? 
4 a.m. 


1 
2 


30.1 












Jul7 


2. 


11 p. m. 


1 














MM 


6. 


101^25' A.M. 


1 


29.29 


29^ 






for July. 




•«»« 


16. 


SJ'SO'p.M. 


1 


• • • 


30.00 










August 


26. 


10k 40' A.M. 


5 










for Aug. 




IM** 


M<M 


11 A. M. 


1 














•MM 


MM 


2 P.M. 


1 














Sept. 


2. 


12 a.m. 
4 a.m. 
6 a.m. 


2 

i 
1 










for Sept. 
for Oct. 




Noyem. 


^ 


4 A.M. 











■*k 


for Nov. 




(The third eolui 


tnn in this table, J 
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elAtlve J 
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1 - A.t - 
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A. »^ 
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This list, like the one previously given^ indicates only the 
shocks attended by movement, and not those indicated by 
sound only. There is no shock producing a movement which 
is not accompanied by noise of one kind or other, but occa- 
sionally the peculiar noise is heard, without either heave or 
tremor. 

In regard to several of the shocks recorded in the foregoing 
list, some observations were made, not stated in the table, and 
which will now be specially noticed. 

8M June 1842. — ^The horizontal pendulum in Mr M«Far- 
lane's house was moved, indicating a vertical upheave of the 
grounds rather more than half an inch. 

29/A November 1842.— Cloudy, showery day, but fine* 

4/A December 1842.'— Both morning and evening cloudy ; a 
red sunset. 

17/A December 1842. — Cloudy and showery t towards even- 
ing, rain and wind. The shocks here recorded were felt only 
at Tomperran, half a mile east of Comrie. 

2Sd March 1843.— Day very foggy, dark and damp^ but 
fair till 3J p.m. ; very heavy shower at 4 p.m. ; rest of day 
showery ; the wind was gentle from east ; At the instant of 
first shock, and for five minutes after, the barometer stood at 
29.12, at the instant of the second shock, it stood at 29.1. 

14//« Ma^ 1843. — ^Showery and cloudy; a blink at noon» 
and at 1 p.ic. ; afterwards chill and cloudy ; a breeze from SE. 

4M Jtme 1843.' — ^The &rst shock registered is said to have 
been felt with about equal severity at Comrie, St Fillan's 
(six miles west), Clatheck (three m3es east), and at Inver- 
geldy (six miles N. W-) At Comrie, the vertical pendulums 
were moved E. and W., about one-eighth of an inch. The 
horizontal pendulum sunk tVth of an inch. The second shock 
was felt at Clatheck, but not at Comrie. The day cloudy, 
with a cold wind and slight skiffs of rain ; after 5 p.m. very 
cold. 

10th June 1843. — Cloudy day with gleams of sunshine ; 
rather cold ; windy in evening. 

15th June 1843. — Two other very slight shocks thought to 
have been felt to-day ; clear sunshine and very warm. 

nth June 1843.— 'Clear sunshine and very warm. 
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2d July 1843.— Cloudy ; slight drizzle on hills ; fine Scotch 
mist after 3 p.m. ; rain in evening. 

6^A July 1843. — Dull day ; cloudy, with showers ; rather 
cold. 

25A August 1843. — ^The day in succession, cloudy, cold, 
showery, and close. There was rain from 2 to 4i- p.k. 

Mr M^Farlane reports, that the index of the long spiral 
pendulum in the steeple at Comrie, made a rut in the pow- 
der } of an inch in a direction W. by N. There was no dis- 
turbance of the powder, on the opposite side of the central 
point. At Kingarth (about two miles north of Comrie), the 
inverted pendulum vibrated in a S.W. and N.E. direction. 
The horizontal pendulum intended to be affected by an up- 
ward movement of the ground, sunk fully half an inch. At 
Clatheck, the shocks produced no undulation, but a considera- 
ble tremor. 

At the instant of the shock, the barometer and thermome- 
ter were respectively 29,6 inches and 56° ; five minutes after 
the shock 29,5 inches and 55^ 

In examining the list of shocks just given, it will be per- 
ceived that the height of the barometer was, with scarcely 6ne 
exception, on the day of their occurrence, lower than its aver- 
age height during the month. Farther, it would appear that, 
on the 23d March 1843, the barometer, at the instant of the 
two shocks, was lower than the average of the day on which 
they occurred. It is matter of regret, that the height of the 
barometer, at the instant of all the shocks, was not marked. 
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Abstract of Meteorological Observations for 1843, made at 
Edinburgh, in North Latitude 56° 57' 2(y\ 3° 10' 8(y, 
W. L., distant from the Sea two miles. By Robert D. 
Paul, Esq. 

L— TEMPERATURE. 



1848. 


H%|hk 


Low. 


l>ff>flp, 


Highest 

8^ A.M. 


Lowest 

6j[ A. X. 


Mean. 


Highest 

8 P.M. 

* 


Lowest 

8 P.M. 


Mean. 


Mean of 

Mom. 

and Even. 




Jan. ••• 


ST 


23» 


36.67'' 


48^ 


sr 


36.4r 


62» 


24* 


36.80" 


36.60- 




Feb. •■■ 


42 


16 


32.21 


38 


22 


32.30 


38 


21 


32.39 


32.34 




Ifvch 


60 


24 


40.45 


47 


27 


3a64 


49 


31 


39.67 


39.16 




April.*. 
May ^. 


64 


27 


45.30 


52 


36 


44.76 


60 


34 


43.93 


44.34 




63 


37 


47.64 


64 


42 


47.38 


62 


41 


45.83 


46*60 




Jfone ... 


72 


41 


62.33 


60 


44 


53.65 


63 


4B 


61.76 


62.70 




July ... 


71 


n 


67.19 


68 


60 


58.09 


65 


64 


58.22 


58.15 




Aug. ... 


77 


69.16 


66 


63 


59.25 


TO 


53 


58.87 


6901 




Sept.... 


76 


34 


57.66 


66 


43 


56.60 


66 


44 


57.46 


57.03 




Oet. ... 


62 


27 


43.16 


68 


83 


43.32 


60 


32 


42.77 


43.04 




Noy. ... 


52 


29 


40.63 


47 


32 


40.13 


48 


33 


40.13 


40.13 




Pec ... 


54 


30 


46.29 


53 


36 


45.41 


53 


32 


45.58 


45.49 




iTerage 


61.91 


31.60 


46.44 


64.76 


37.00 


46.32 


63.33 


36^ 


46.11 


46.21 





Thermometer. 



**. 



REMARKS. 

Highest, 17th Aug. 77'. Wind, E. N. W. 
Lowest, Uth Feb. 16°. ... N. 
Morning. Highest, 68'' on 26th July. ... W. 

Lowest, 22*" on 6th Feb. ... N. E. 
Evening. Highest, 68' on l7th Aug. ... E.N, W. 
Lowest, 2r on 14th Feb. ... N. 
Mean temperature of the year 1843, 46".44. Mean of 1842, 48^06,~ 
difference 1 .62 Coldest month, February—Warmest, August. The 
December of this year, again, is worthy of particular notice. 

IL— PRESSURE. 



1 1843. 


Highest 

8iA.M. 


Lowest 
8| A.M. 


Meai^. ^ 


Highest 

8 P.M. 


Lowest 

8 P.M. 


Mean. 


Highest 

11 P. M. 


Lowest 

11 P.M. 


Mean. 




Jan. 


30.21 


28.32 


29.403 


30^20 


28.23 


29.357 


• • • 


• •« 






Feb. 


30.11 


28.89 


29.605 


30.15 


29.09 


29.606 


• • • 


• • • 






Mar. 


30.20 


29.08 


29.762 


30.20 


29.16 


29.750 


kf • 


• • • 


• • • 




Apr. 
May 


30.07 


29.07 


29.663 


30.19 


29.02 


29.609 


• • • 


• •• 






30.29 


29.28 


29.710 


30.29 


29.27 


29.696 


• • • 


«• » 


• ■ e 




Jane 


30JL2 


28.82 


29.762 


30.08 


28.83 


29.763 










July 


30.10 


29.34 


29.720 


30.09 


29.23 


29.725 


• • • 


• • • 


■ • • 




Aug. 


30.13 


29.20 


29.763 


30.20 
30.41 


29.17. 


29.762 


a • • 


•■ • 


• e • 




Sept 


30.44 


2939 


30.265 


29.40 


30.278 


30.43 


29.40 


29.991 




Oct. 


30a7 


28.85 


29.644 


30.12 


28.71 


29.507 


30.18 


28.74 


29.476 




Nov. 


30.10 


28.80 


29.527 


30.21 


29.01 


29.628 


3023 


28.94 


29.536 




Dec. 


30.28 


29.61 


90.021 


30i^ 


29.45 


30.026 


3a30 


29.40 


30.021 




JAv«. 


30.44 


28.32 


29.718 


30.41 


2823 


29.709 


30^ 


28.74 


29.766 


. 
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Meteorological Tables, 



REMARKS. 



Barometer. 



Higbest, 80.44 inch, on 23d Sept. Wind, W. 
Lowest^ 28.23 ... on 13th Jan. ... S.E. 

Morning. Highest, 30.44 r.. on 23d Sept. ».. W. 
... ... Lowest, 28.32 ... on 13th Jan. ... S. E. 

Evening. Highest, 30.43 ... on 23d Sept. ... W. 

... ... Lowest, 28.23 ... on 13th Jan. ... 8. £. 

Mean height of barometer for the last four months, at 11 p. m., 29.756; 

Daring January, the barometer fluctuated for one week at a mean of 
28.73 inches. The depression in question had been coming on for eight 
days previously, and terminated on the 16th with the wind at nortli. 
Six days after the storm of the 13th, the barometer had risen two 
inches ; the northerly wind suddenly supervening on the southerly bein^ 
the cause and acting as a counterpoise. 

January had the least mean pressure, and September the greatest ; 
the latter month being 00.535 inches above the mean of the same month 
in 1842. Lastly, although the December of this year had again a very 
high temperature, it is also remarkable as being, in point of pressure 
00.329 inches above the mean of the corresponding, month of last year. 

ra.— PREVAILING WINDS AND THEIR MEAN TEMPERATURE. 



1843. 


West. 


N.West. 


North. 


N.^East. 


East. 


S. East. 


South. 


S. West. 


Prevailing 
Wind. 


Jan. 


o. 
7 


4^.4 


D. J, 

7 31.4 


4 


28.7 


.. . 


D- 

• • • 


2 34.0 


^' ft 
1 43.0 


10 40.4 


W. & NW. 


Feb. 


3 


29.6 


2 28.5 


5 


25.6 


8 33-8 


9 35.5 


1 33.0 


... 


• •• 


£. & NE. 


Mar. 


7 


a9,ft 


... 


4 


33.5 


1 39.0 


7 38.4 


6 42.6 


2 60.0 


4 46.0 


E.&W. 


Apr. 
May 


7 


45.1 


2 40.0 


4 


38.0 


1 41.0 


3 45.0 


1 49.0 


2 49.6 


8 49.3 


w. & sw. 


4 


49.2 


... 


3 


48-3 


2 44.0 


17 46.6 


li 47.5 


• •• 


3^61.0 


£. 


Jane 


^ 


54.5 


1 53.0 


1* 


52.0 


». . 


19 51.6 


• • • 


• • ■ 


1 54.0 


£. 


July 


vr 


67.9 


3 57.6 


4 


55.2 


1 52.0 


3^68.5 


• • • 


• • ■ 


li 68.0 


W. 


Aug. 


14 


6&7 


0* ... 


3 


58.3 


Oi _ ... 


3 62.0 


1^ 63.0 


1 64.0 


6^ 68.0 


w. 


Bept. 


10 


58.9 


1 54.0 


H 


468 


2 62.6 


6 60.0 


li 57.0 


• *• 


4 60.0 


w. 


Oct. 


15 


46.8 


3t^40.3 


5 


33.7 


2 44.0 


H 41.0 


1 36.0 


1 39.0 


2. 46.0 


w. 


Nov. 


7 


38.0 


2 42.0 


1 


36.0 


2 41.5 


• ■ • 


5 39.6 


2 38.6 


11 42.3 


sw. 


Dec. 
Aver. 


16 


46.1 


2 42.0 


H 


35.0 


• • • 


... 


1 45-0 


3 46.6 


7^46.8 


w. 


1121=47.0 


24=43.2 


41i= 


=41.0 


19i=44.7 


69=48.7 


21^=44.5 


12=47.0 


59=50.0 





_ Q 

Winds, W. & NW. 136i times, temperature 45.1 

N.&NE. 61 42.8 

£. &SE. 89i 46.5 

8. &SW. 71 48.5 

ass" 

Daring the year, the variable winds prevailed twice in April, twice in 
Jane> and once in August. The prevailing winds this year> as in the 
last, are the W. & N W. 

Bain fell on 193 days. 

Hail ... 30 ... 

Snow ... 21 ... 

244 

AUBOBA BOBEALIS, &C. OBSEBYED. 

On 28th January, 6th, 6th, and 23d April, 22d August, and 6th 
December; Lunar Halos were frequent during the year.; but the only 
solar one observed by me^ which was colourless, occurred on the 12th 
January. 
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SCIENTIFIC INTELLIGENCE. 

GEOLOGY AND MINERALOttT. 

1 . Sandstone Pillars and Caves of North- Western Australia, — ^We 
here remarked a very curious circumstance ; several acres of land on 
tkis elevated position were nearly covered with lofty isolated sandstone 
pillars of the most grotesque and fantastic shapes, from which the 
imagination might easily have pictured to itself forms equally singu- 
lar and amusing. In one place was a regular unroofed aisle, with a 
row of massive pillars on each side ; and in another there stood upon 
a pedestal what appeared to be the legs of an ancient statue, from 
which the body had been knocked away. Some of these time-worn 
columns were covered with sweet-smelling creepers 4 while their bases 
were concealed by a dense vegetation, which added much to their 
very singular appearance. The height of two or three which I mea« 
sured was upwards of forty feet ; and as the tops of all of them were 
nearly upon the same level, that of the surrounding country must at 
one period have been as high as their present summits, probably 
much higher. From the top of one of these pillars I suiTeyed the 
surrounding country, and saw on every side proofs of the same ex- 
tensive degradation ; so extensive, indeed, that I found it very dif- 
ficult to account for ; but the gurgling of water, which I heard be- 
neath me, soon put an end to the state of perplexity in which I was 
involved, for I ascertained that streams were running in the earth be- 
neath my feet ; and on descending and creeping into a fissure in the 
rock, I found beneath the surface a cavern precisely resembling the 
remains that existed above ground, only that this was roofed, whilst 
through it ran a small stream, which in the rainy season must be- 
come a perfect torrent. It was now evident to me, that ere many 
years had elapsed the roof would give way, and what now were the 
buttresses of dark and gloomy caverns would emerge into day, and 
become columns clad in green, and resplendent in tiie bright sunshine. 
In this state they would gradually waste away beneath the ever dur- 
ing influence of atmospheric causes ; and the material being then 
carried down by the streams through a series of caverns resembling 
those of which they once formed a portion, would be swept out into 
the ocean, and deposited on sand-banks, to be raised again at some 
remote epoch a new continent, built up with the ruins of an ancient 
world. I subsequently, during the season of bdavy rains, remarked the 
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usual character of the mountain-streams to be, that they rose at the 
foot of Eome little elevation, which stood upon a lofty table-land, com- 
posed of sandstone, then flowed in a sandy bed for a short distance, 
and afterwards mysteriously sank in the cracks and crevices made 
in the rocks from atmospheric influences, and did not again reappear 
until they had reached the foot of the precipice which terminated the 
table-land whence they sprang ; here they came foaming out in a 
rapid stream, which had undoubtedly worked strange havoc in the. 
porous sandstone-rocks, among which it held its subterraneous course. 
What the amount of sand annually carried down from the north- 
western portion of Australia into the ocean may be, we have no means 
whatever of ascertaining : that it is sufiicient to form beds of sand of 
very great magnitude, is attested by the existence of numerous and 
extensive sand-banks all along the coast. One single heavy tropical 
shower of only a few hours' duration, washed down, over a plot of 
ground v^hich was planted with barley, a bed of sand nearly five 
inches deep, which the succeeding showers again swept off, carrying 
it farther upon its way towards the sea. — Grey's Journals of his Ex- 
peditions of Discovery, 

3. On the CJiemical Constitution of Wolfram, By M. Marguerite. 
— Chemists are agreed as to the nature of the elements which are 
contained in Wolfram, but they appear to be ignorant of the degree 
of oxidizement in which the tungsten exists. In a late sitting of the 
Institute, M. Felouze stated the results of the experiments which M. 
Marguerite had performed to determine this point. 

Admitting, of which, indeed, no doubt can be entertained, that the 
analyses of Yauquelin, Berzelius, and Ebelmen, are correct, the fol- 
lowing formulas may be assigned to Wolfram : — 

let, 3 Wo' F e O. M n O Wo'. 
2d, 3 W2o5 FeO'MnO Wo'. 
3d, 4 (W2 05) 3 (Fe2 0') Mn* O*. 

The author decides iu favour of the last formula, which represents 
Wolfram as a compound of blue oxide of tungsten, and of two-thirds 
oxide, of either iron or manganese. These oxides being isomorphous, 
if B represent iron or manganese, or a mixture of these two metals, 
we arrive at the formula 

W2 0« B? 05, 

which will represent all the varieties of Wolfram. 

The first formula, which represents the tungsten as in the state 
of tungstic acid, and the iron in that of protoxide, is not admissible ; 
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fgr, on the one hand, cold hydrochloric acid separates peroxide of iron, . 
from the mineral, and leaves hlue oxide of tungsten ; and, on the 
other hand, the free protoxide of iron reacts on the tungstic acid 
isolated, and reduces it to the state of the hlue oxide, and itself be- 
comes peroxide. 

When heated to ebullition in hydrochloric acid, the blue oxide, in 
its turn, reduces the salts of iron, and this reaction explains how 
Berzelius and Ebelmen adopted the first formula. 

The superior oxides of manganese convert the blue oxide into 
tungstic acid, under the same circumstances as the peroxide of iron, 
eyen when cold. This circumstance induced the author to suppose 
that the manganese might exist as the oxide Mn^ 0^, isomorphous with 
the sesquioxide of iron, although found only in the state of protoxide 
in the solution of the mineral. 

M. Marguerite further observes, that it is easy to explain the 
causes of the different opinions which have been given on the che- 
mical constitution of Wolfram ; that it had not been deduced from 
the. very exact analyses already alluded to, is, because the last phase, 
of an operation was considered instead of its commencement. 

M. Marguerite concludes that, — 

!«*, The tungsten in Wolfram is in the state of blue oxide. 

2<i, The iron is in the state of peroxide. 

Zd^ The tungstic acid and protoxide of iron obtained are the re- 
sults of the analytic means employed, and that these two products 
are eventually formed from each other. 

4tA, Of the three formulae which have been given, the second and 
third only agree with experiments, and the second may be reduced 
to W2 0^ R* (fi.—Journ, de Ph, et de CL, Octobre 1843.— PAi7o. 
sophical Magazine, Vol. XXIV., No. 167, p. 153. 

3. Analysis of Ancient and Fossil Bones, By MM, Girardin and 
Preisser. — The authors found that human bones taken from various 
ancient tombs contained from less than 1 up to 8 per cent, of phos- 
phate of magnesia; and in one case the bones of an infant taken from 
a Gallo-Boman tomb at Rouen, were found to be of a fine chrome-green 
colour, and contained 3.1 per cent, of carbonate of copper, for the 
existence of which no sufficient cause appeared. 

In ancient buried bones, as well as in the fossil bones of animals, 
the authors always found. a much greater quantity of phosphate of 
lime than in recent bones. Under certain unknown circumstances, 
this salt suffers some curious modifications, by which it is converted 
lAto, for the most part, sesquiphosphate of lime, which crystallizes in 
small hexagonal prisms on the surface of the bones. This trahsfor- 



384 Sciendftc In^elliffence — Zoolqpjf. 

liation is effected without either gain or loss of elements, and solely 
bj a simple change in the relation or the position of the elementary 
atops of the salt, so that the sub-phosphate of lime, the original com- 
position of which is 6 C a O, 3 P^ 0^ is divided into two more per- 
manent compounds, neutral phosphate and sub-sesquiphosphate, the 
production of which is explained by the following equation : — 

8 C a O, 3 P* O* = (2Ca 0, P^ 0^ + 2 (3 C a O, P* O^. 

It is very probable that it is the tendency of the sub-sesquiphos- 
phate of lime to crystallize, which occasions its formation. Many facttf 
prove the mobility of the elements of phosphate of lime, and the pro- 
perty which it possesses of undergoing slight changes in its constitu- 
tion ; without these two circumstances, it could not, as observed by 
Berzelius, perform the functions which render it so important in the 
animal and vegetable economy. The crystals which form on ibe sur- 
ftce of burnt bones are identical with the apatite of mineralogists. 

The Authors were unable to detect the slightest trace of fluoride of 
calcium in ancient human bones, whereas they always met with it in 
fossil animal bones ; the existence of this salt in recent human and 
animal bones is more than doubtful. MM* Berselius and Morichini 
are the only chemists who have stated its existence in recent bones. 
Fourcroy and Vauquelin, Klaproth^ Dr Bees, and the authors of this 
paper, were not able to detect it in fresh bones* 

It follows from these introductory statements, that, at any rate* 
the presence of fluoride of calcium, even if it ever exist in recent 
boneS) is accidental, and not constant, and that as this salt exists in 
all fossil bones, it must necessarily have arisen by infiltration from 
without, for neither mineralization nor fossilization has the power of 
creating mineral substances. 

When, therefore, fluoride of calcium is found in notable quantity 
in any unknown bone, it may be considered as a fossil bone of an 
antediluvial animal, and not as a human bone.— -^nn. de Ch. et de 
Pkys*t Novenhber 1843. Philosophical Magazine, Vol. 24. No. Id?, 
p, 164, 

ZOOLOGY. 

. 4; The O^graphieal IMstribution of the ArtU)uUU6d ^m By 

Sf . £. Blanchard.— The distribution of animals over the surface of 
the globe has long attracted the attention pf naturalists ; and that of 
insects in particular has been made, by the celebrated Latreille, the 
subject of a special work. At the period when this work was 
nndertaken* the native country of the greater part of the species was 
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too imperfectly known to enable uiy one to give a precise definition 
of the different entomological regions, and to trace their respectiTe 
limitson the surface of the globe. In the absence of a natural difision, 
Latreille proposed a systematic one, dividing each hemisphere into 
zones, containing 12^ of latitude, and subdividing each of these zones 
by meridians distant 24°. We can now substitute for these arbitrary 
limits those which result from the configuration of the ground, and 
accomplish for the branch of natural history with which we are at 
present concerned, whfit M. Milne Edwards has successfully done 
in regard to the Crustacea. Proceeding as he has done, we find a 
certain number of points, which may be considered, in regard to in- 
sects, as centres of creation, whence the species have radiated, and 
the mountains, in many cases, present us with the natural limits of 
these regions^ in the same manner as is done by the extent of seas in 
the instance of the other articulata considered by M. Milne Edwards, 

We therefore divide the surface of the globe into 5d regions, eadi 
characterized by the most typical genera and species which are pe- 
culiar to it, and the limits of which are fixed at the point where 
the greatest number of these genera and species cease to exist. 

The geographical distribution of animals, considered in relation to 
their classification, may be of great importance in appreciating the 
value of the characters on which generic groups are established. In- 
deed^ when we examine each family^ and each genus by itself, we 
are surprised to perceive that there are some of them which inhabit 
certain countries of the globe of very limited extent, while others sure 
scattered over a much more considerable space ; and that others, 
finally, inhabit the greater part, and sometimes almost the entire 
surface of the globe. Moreover, we perceive that tribes and genera 
exist sometimes comprehending a very great number of species which 
have all the same peculiar /act6«, and the strongest resemblance to 
each other in form and colours ; in such a case we are certain that 
these are very natural genera. Coming after these^ we find a consider** 
able number of genera which are still with propriety regardedas natu- 
ral, but which, at the same time, are so in an inferior degree to the 
preceding. All the species of which these are composed have a great 
analogy to each other, but we may observe minute differences in form 
and the greatest dissimilarity in colours. Lastly, when we pass to a 
third sort, we find genera, tribes, and entire families, whidii possesii, 
it is true, the common organs which furnish the most important 
zoological characters, but which present very obvious modifications in 
the form of the body, and particularly in the colours. We are soon, 
however, enabled to ascertain that the differences between certain 
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spaoiee mod the generio type^ to which we are obliged to refer them, 
are alwajs in relation with the homogeneousneM, or the reverse^ of 
the places which these animals inhabit. The more natural a genus 
is» the more restricted will be found to be the portion of the globe 
to which it is confined, and in it the circumstances of the soil, humi- 
ditj, and temperature, will be found identical ; the less natural a 
genus is, the more eztensiyelj will it be found distributed over differ* 
ent parts of the globe, under the influence of different circumstances. 

Species are found to stand in the same relation to the places 
which thej inhabit, as genera, tribes, and families. Certain species 
are spread over a wide extent of country^ and others inhabit only 
certain very limited localities ; those which are distributed over a 
great extent present individual varieties without number, while no 
varieties appear among those which live in the same places. 

This leads us to the consideration of a question which has already 
been often treated of, but has never yet been sufficiently investi- 
gated ; we refer to the influence which climate exercises on forms 
and C(^ours. This influence is particularly manifest among insects 
and the arachnides. It is very true that a multitude of small species 
are spread from the equator to the poles, without presenting any 
thing remarkable at these two extremes ; but it is demonstrated, at 
the same time, that species of large size, or of singular forms, or bril- 
liant colours, always require the conditions of high temperature and 
much humidity. In proportion as these conditions are diminished, 
the species become smaller and less deeply coloured. In Africa, 
where tlie soil is generally dry and arid, and the heat considerable, 
we find fewer q^ies of large size than in inter-tropical America, or 
in the East Indies, and the greater proportion are black, or of not 
very bright colours. In cold countries the large species disappear ; 
scarcely any of brilliant colours are found ; the species of an intense 
black also cease to be met with, till at last we find none but of a 
shining black, greyish or brownish. 

M. Milne Edwards has observed that the species of Crustacea were 
much more numerous towards the equator than in northern regions, 
bnt that the individuals considered collectively were not less nume- 
revs in northern regions. The same thing certainly does not take 
place with insects and arachnides ; the species, it is true, are gene- 
rally much more multiplied towards the equator than towards the 
poles ; bat nothing indicates that the species of the north are more 
Buraerous in individuals than those of the tropics ; we are assured, 
indeed, that the contrary is the case.— -From Comptes Eendus, 
vol. xii. page 1216. 
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5. W%ngle$8 Birds of New Zealand, — Professor Owen latel j gare 
a communication to the Bojal Institution of London, on the Wingless 
Birds of New Zealand. In the year 1839 there arrived in this 
country, from New Zealand, a fragment of the shaft of a bone of 
some unknown animal, supposed to have existed in those islands 
daring the historical period. From this single relic, deficient in 
those terminal processes to which the zoologist looks for a clue to his 
researches into the probable forms and habits of extinct animals* 
Professor Owen inferred that this bone must have belonged to a 
struthious bird, about the size of an ostrich, but resembling the ex- 
tinct Dodo of the Mauritius. Since that time, other bones, belonging 
to birds of the same family, but of different species, have reached 
£ngland, and established, beyond all doubt, the justice of Mr 
Owen's inference, made four years ago, on such scanty data. The 
great point of Mr Owen's present communication, was to explain 
the process of reasoning which led him to this result. Looking into 
the interior of the piece of bone he had to examine, he observed, that 
its cancellous structure was less fine and fibrous than that of any 
of the long bones of a mammiferous animal, — ^that it was stiU less 
^ , like the bone of a reptile, which is generally solid throughout^ — ^that 
;f with respect to the remaining order of the animal kingdom, the 

j. • birds, the structure of this bone, its density and size, proved that, 
, ; though the bone of a bird, it could not belong to any that were or- 
ganized for flight. Mr Owen also remarked, that although a suffi- 
I cient supply of various bones of the leg and foot of this bird had 
r subsequently been received by him, to enable him to characterize 
several species, there had not appeared any bones of wings. Hence, 
he concluded, that this bird must have resembled — only on a gigan- 
tic scale— the Apteryx (the wingless bird) of Australia. Mr Owen 
called attention to a specimen of Apteryx, lent by the Council of 
the Zoological Society. He noticed the long beak of this bird» 
resembling the bill of a woodcock, its legs^ like those of a fowl, at- 
tached to a trunk like that of a cassowary ; and then appealed against 
the reasoning which disputed the reality of the Dodo's existence, be- 
cause the same sort of body and legs was found on that bird, united 
with a beak resembling that of a vulture. Mr Owen stated, that, 
on visiting the Hague> he saw there a picture, painted soon after the 
Dutch had become possessed of the island of Mauritius, and in a 
corner of this picture was a figure of the Dodo, extremely small, but 
so elaborately finished, as to enable a zoologist to characterize its 
species. Mr Owen then offered some speculations as to the exten- 
sive distribution of the struthious birds over the surface of the earth 
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in remote ages. He referred to the recently-diacoTered foot-printi 
of a bird, similar to this gigantic wingless bird of New Zealand (to 
which he has given the name Dinomis), in the sandstone of Con- 
liectieat. With respect to the country from whioh these bones hare 
been received, it appears to abound with ferns, whose roots are rich 
ia farinaceous substance, well calculated for the support of the kind 
of bird to which they are ascribed. When it is remembered that the 
only animal found in New Zealand, at the time of its discovery by 
the Europeans, was a small species of rat, it seems extremely pro- 
bable that this vast bird, having inhabited these islands, as it inha» 
bited other remote countries, before they were occupied by man, was 
destroyed by the first setders, who then, as may be conjectured, 
having acquired a taste for animal food, and finding no other, took 
t0 eating one another. Mr Owen illustrated his discourse by a con- 
jectural diagram of the figure of the Dinomis. Its height (which he 
supposes fourteen or fifteen feet from head to foot) was contrasted 
with that of the birds most nearly resembling it»the cassowary and 
the ostrich. — Aikenteum^ No. 850, p. 138. 

BOTANY. 
6. Fhuxers and Fruits of Australia. — ^Many fruits grow and 
flourish in these colonies which can be reared in England only when 
they are housed, when means are taken to temper the keenness of the 
winter's blast, and when the temperature of the air is increased by 
artificial contrivances. It is a matter of doubt, however, whether 
anything is gained by the inhabitants of New Holland in this par- 
ticular ; for many fruits which are admirably adapted to the tem- 
perature and moist climate of Great Britain, either do not come to 
perfection, or will not grow at all, in the dry hot atmosphere of 
New Holland. A decision on the relative advantages and dis- 
advantages will depend, in this instance, on the tastes of the indivi- 
dual ; and, in arriving at a conclusion on this point, the native of 
Great Britain must not forget to bear in mind, that every one is apt 
to attach somewhat more than its intrinsic value to that which is 
beyond his reach. For example, the Englishman will be in danger 
of forming a highly favourable opinion of the capabilities of that 
country for the growth of fruit, where the orange and the grape 
flourish and yield abundantly in the open air ; but it will do him no 
harm to remember, that if the Australian colonist gain the orange 
and the grape, they lose the apple, the currant, the gooseberry, and 
that most delicious of all fruits, the strawberry. As it is with fruits, 
so it is with flowers. The native flowers are many of them exceed- 
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ingly beautiful, and the geranium is almost a weed ; biit still jnecj 
manj of the sweetest and most beautiful English flowers will not 
grow in the climate of New Holland. The native flowers are, with 
very few exceptions, perfectly inodorous, and they gladden the eye 
with their grateful presence but for a short period. The dreary 
wastes of New Holland are relieved by the varied tints of the native 
flowers in the spring time only. But few persons, I apprehend, 
would estimate the beautiful, but scentless, native flowers of New 
Holland, beyond the more quiet-tinted, but sweet-smelling flowers 
of Great Britain. Even were they on a par in point of beauty and 
fragrance, the English flowers continue blooming a great part of the 
year, whilst the dull monotony of the'arid shrubs of Australia is 
relieved only for a short time by beautifully-formed and exquisitely^ 
tinted, but inodorous flowers. With all the <^arm of form, the 
Australian flowers must yield to the delicious fragrance and simple 
colouring of the flowers of the charming hedgerows of " merry 
England.'' — Bartlett's New Holland, 
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1844. 

19. The American Journal of Science and Arts, by Professors Silli- 
man. No. 1. January 1844. 

20. Catalogue of the Museum attached to the Class of Military Sur- 
gery in the University of Edinburgh. 8vo. 1844. 

21. L'Institut, Journal Universel des Sciences et des Societ^s Savan^ 
tes en France et k L'Etranger. Up to No. 530. 22 Fevrier 1844. 

22. The Journal of Agriculture and the Transactions of the Highland 
and Agricultural Society of Scotland. For March 1844. 

23. On the Killas group of Cornwall and South Devon ; — ^its relations 
to the Subordinate formations of Central and North Devon and West 
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SomCTset : — its nataral SubdivlBions ; — and its trae position to the Soak 
of British Strata. By the Rev. David Williams. 

JN'.B, — TJie sections required for the proper underatanding of tJUi 
Memoir did not accompany it — it woe, consequently, in an unfit state 
for repfMblication, 



List of Patents granted for Scotland from 18/A December 

1843 to 22d March 1844. 

1. To Henry Austin, of 87 Hatton Garden, in the county of Mid- 
dlesex, civil-engineer, *' a new method of gluing or cementing certain 
materials for building and other purposes." — 26th December 1843. 

2. To Francis L'Estrange, of Dawson Street, in the city of Dublin, 
surgeon, '* improvements in hernial trusses, to prevent the descent of 
hernia through the internal as well as the external ring." — ^26th Decem- 
ber 1843. 

3. To Charlton Jahes Wollaston, of Welling, in the county of Kent, 
gentleman, being a communication from abroad, ** improvements in ma« 
chinery for cutting marble and stone." — ^26th December 1843. 

4. To George Gwynne, of Regent Street, in the county of Middlesex, 
and George Fergusson Wilson, of Belmont, Yauxhall, in the county of 
Surrey, gentleman, '' improvements in the manufacture of candles, and 
in apparatus for and processes of treating fatty and oily matters to ob- 
tain products for the manufacture of candles and other uses." — 29th 
December 1843. 

5. To Margaret Henrietta Marshall, of Manchester, in the county 
of Lancaster, '^ a certain improved plastic composition, applicable to the 
fine arts and to useful and ornamental purposes." — 5th January 1844. 

7. To James Champion, of Salford, in the county of Lancaster, and 
Thomas Marsden of Salford, in the county of Lancaster, machine-makers, 
" improvements in drawing, winding, and spinning cotton and other 
fibrous substances." — 9th January 1844. 

8. To James Oyerend, of Liverpool, in the county of Lancaster, gentle- 
man, being a communication from abroad, '* improvements in printing 
fabrics with metallic matters, and in finishing sUks and other fabrics."— « 
9th January 1844. 

9. To Charles Townsend Christian, of St Martin's Place, St Mar- 
tin's Lane, in the county of Middlesex, East India Army Agent, being 
a communication from abroad, *' improvements in the construction of 
steam-engines."— -12th January 1844. 

10. To William Edward Newton, of the Office for Patents, 66 
Chancery Luie, in the county of Middlesex, civil-engineer, being a eom- 
mnnication from abroad, *' improvements in machinery or apparatus for 
facilitating the tracing or copying of designs, drawings^ and etchings of 
all kinds, either of the original size, or upon an enlaiged or reduced 
scale."-— 15th January 1844. 

11. To William Niohol, lithographer and printer in Edinburgh^ 
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** imprOTements in lithographic and other printing presaes." — ISth Jan- 
iiai]^1844. 

12. To Charles Tatleub and James Febdbbick Dufre, of the Vol- 
ean Foundry, Warrington, in the county of Lancaster, and Henbt 
Dubs, also of the Vulcan Foundry, engineer, *' certain improyements in 
boilers."— 18th January 1844. 

13. To Alexakdbe Bain, of No. 320 Oxford Street, in the county of 
Middlesex, merchant, '* certain improyements in producing and regulat- 
ing electric currents, and improyements in electric time-pieces, and in 
eleistric printing and signal telegraphs." — 19th January 1844. 

14. To William Edward Newton, of the Office for Patents, 66 
Chancery Lane, in the county of Middlesex, ciyil engineer, being a com- 
munication from abroad, *' certain improyements in machinery for pre- 
paring and combing wool, hair, and other fibrous substances." — 19th 
January 1844. 

15. To Thomas Aspinwall, of Bishopgate Churchyard, in the city 
of London, esquire, being a communication from abroad, '' an improyed 
cannon formed either of wrought iron or steel, or wrought iron and steel 
combined, and also instruments and machinery used in making, and a 
method of making said cannon." — 2dth January 1844. 

16. To Thomas Southall, of Kidderminster, in the county of Wor- 
cester, druggist, and Charles Crudoinoton, of the same place, banker, 
" improyements in the manufacture of iron and steel. "-*25th Janu- 
ary 1844. 

17. To Alexander Spears of Glasgow, merchant, being a communi- 
cation &om abroad, '' certain improyements on, or appertaining to, glass- 
bottles proper for wines and other liquids." — 31st January 1844. 

19. To WiLLiA)f Edward Newton, of the Office for Patents, 66 
Chancery Lane, in the county of Middlesex, ciyil- engineer, being a com- 
munication &om abroad, *' a new or improyed system of machinery or 
apparatus foi* obtaining and applying motive power for propelling on 
railways or water, and for raising heayy bodies, applicable also to various 
other purposes where power ii^ required." — 5th February 1844. 

19. To Philip Walther, of Angel Court, Throgmorton Street, in the 
city of London, merchant, being a communication from abroad, '' certain 
improyements in the construction of steam-engines."— ^th February 
1844. 

20. To John Kibble, of Glasgow, in the kingdom of Scotland, gen- 
tleman, <* improvements in transmitting power in working machinery 

' where endless belts^ chains, or straps, are, or may be used." — 12th Feb- 
ruary 1844. 

21. To Hugh Inglis, of Kilmarnock, in the county of Ayr, Scotland, 
mechanic, *' improvements upon locomotive steam-engines, whereby a 
saving of fuel will be effected, which improvements are applicable to 
steam- vessels and other purposes, and to the increasing tSe adhesion of 
the wheeb of railway engines, carriages, and tenders, upon the lines of 
rail, when the same are in a moist state."— 13th February 1844. 

22. To Ezra Jbnks Coates, of Bread Street, Cheapside, in the city 
of London, merchant, being a communication from abroad, '* improve- 
menlis in the forging of bolts, spikes and nails." — 15th February 1844. 
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23. To William Rowan, of the finn of John Rowan and Sons, of 
Doagh Foundry, in the county of Antrim, engineer, ** certain improve- 
ments in axles." — 26th February 1844. 

24. To Gottlieb Boccius, of New Road, Shepherd's Bush, in the 
county of Middlesex, gentleman, " certain improved arrangements and 
apparatus for the production and diffusion of light.'' — 5th March 1844. 

25. To Thomas Murray Gladstone, of the Swan Garden Iron- works, 
Wolverhampton, in the county of Stafford, iron-master, " certain im- 
provements in machinery for cutting or shearing iron or other metals." 
—5th March 1844. 

2Q. To George Bennetts, of Gunnis Lake, in the county of Corn- 
wall, civil-engineer, ** certain improvements in steam-engines and boilers, 
and in generating steam." — 8th March 1844. 

27. To Edward Etbe, of Poole's Hotel, in the city of London, gen- 
tleman, being a communication from abroad, '^ certain improvements in 
railways, and in the machinery or apparatus to be employed thereon." — 
11th March 1841. 

28. To William Edward Newton, of the Office for Patents, ^Q Chan- 
cery Lane, in the county of Middlesex, civil-engineer, being a communi- 
cation from abroad, " improvements in the preparation of caoutchouc or 
India-rubber, and in manufacturing various fabrics of which caoutchouc 
£)nns a component part." — 12th March 1844. 

29. To Joseph Crawhall of Newcastle-upon-Tyne, rope manu- 
facturer, '* improvements in machinery for manufacturing ropes and 
cordage."— 20th March 1844. 

30. To Richard Prosser, of Birmingham, in the county of Warwick, 
civil-engineer, and Job Cutler, of Lady Pool Lane, near Birmingham 
aforesaid, gentleman, " improvements in the machinery to be used in 
manufacturing pipes and bars^ and in the application of such pipes and 
bars to various purposes." — 21st March 1844. 

31. To Isabella Larbalestier, of Noble Street, Falcon Square, in 
the city of London, furrier, '* improvements in making certain skins re- 
semble the sable fur." — ^22d March 1844. 

32. To Henry Brown, of Selkirk, in the county of Selkirk, manu- 
facturer, '^ improvements in carding silk, cotton, and other fibres." 

^2d March 1844. 

33. To Moses Poole, of Lincoln's Inn, in the county of Middlesex, 
gentleman, being a communication from abroad, *^ improvements in 
steam-engines, steam-boilers, and furnaces or fire-places." — 22d March 
1844. 
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Adie, B, of Liverpool, account of experiments with thermo-hydro- 
electrical currents, with an examination of the metals exposed to 
thermo-electric action, 90. 

Agassiz, Professor, latest report on his glacier researches, 144. 

American or United States exploring expedition, account of, 21. 

Animalcule, a newly -discovered species found in the human skin, by 
Erasmus Wilson, Esq., 204. 

Australia, fruits and flowers of,. 388.. 

Beaumont, Elie, report on M. Alcide d'Orbigny's memoir, entitled 
General Considerations on the Geology of South America, 42. 

Bebeeru Tree of British Guiana, by Dr D. Maclagan,. 197. 

Birds, wingless, of New Zealand, 387. 

Connell, Professor, on the Tagua nut, 205. 

Crustacea, obseiTations on their organs of generation, described by 
H. D. S. Goodsir, Esq., 183. 

Davy, John, M.D., &c., on the temperature of the Frith of Forth, 
and on the specific gravity of its water, 1 — on guano, 290. 

Dick, Thomas, A.M., observations on the planet Venus, at the time 
of its superior conjunction, 164. 

Earthquake-shocks, felt in Great Britain, and especially in Scotland, 
with inferences suggested by these notices as to the cause of the 
shock, by David Milne, Esq., P.R.S.E., Sec, 72, 362. 

Ehrenberg on minute fossil organic bodies, 201. 

Electrical sounds in the Alps, 199. 

Ethnology, on its progress, by Dr Hodgkins,.118. 

Esquimaux, their physical characters, observations on, by Bichard 
King, M J)., 296. 

Firth of Forth, temperature of, by Dr John Davy, 1. 

Forbes, Professor Edward, on the light thrown on geology by sub- 
marine researches, 318. 

Forbes, Professor, James, on glaciers, in a letter to the Earlof Cath- 
cart, 217 — determination of heights by the temperature of boiling 
water, 191.. 

Forests, their extent and situation, 236. 

Fyfe, Dr, on the comparative value of different kinds of candle or 
parrot-coal, for yielding gas, and on the illuminatory powers of 
gas, at different distances from the manufactory, 223. 
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Geographical relations of countries and nations* as dependent on -the 
extent and situation of forests, 236. 

Geographical Distribution of Articulated Animals, 384. 

Glaciers, observations on, bj Professoir Agassiz, 144 — on glaciers, 
by Professor J. Forbes, 217. 

Geology of Sputh America, by Alcide d'Orbigny, 42. 

Goodsir, Harry, D. S., on the development of the seminal fluid, and 
organs of generation in the Crustacea, 183. 

Guano, the South American and African kinds, observations on, by 
John Davy, M.D., F.R.S.L., 290. 

Ilodgkin, on the progress of Ethnology, 118^ 

Hope, Dr, his chemical observations on the flowers of various plans, 
and on the proximate principles they contain, 193. 

Human bones, in the fossil state, in the prsehistorical world in South 
America, 38. 

India, route to, by Charles Maclaren, Esq., F.R.S.E., 136. 

temperature of the earth in, by John Caldecott, Esq., 198. 

Iron, cast, its silvering by galvanism, 206. 

Keilhau on crystalline limestone, &c., 341. 

King, Richard D., on the physical characters of the Esquimaux, 296. 

King, William, Esq., contributions towards the general character of 
the fossil plants of the genus Sigillaria, 4, 272. 

Leonhardite, a new mineral species, described, 208. 

Lightning melts a watch of a man in his pocket, without his being 
injured, 199. 

Meikle on the theory of parallel lines, 310. 

Meteorological Tables for 1843, 186, 377. 

Milne, David, Esq., notices of earthquake-shocks felt in Great Bri- 
tain, especially Scotland^ 72, 362. 

Nile, river, its early rise in 1843, 201. 

D'Orbigny on the geology of South America, 42. 

Palladium, extraction of, in Brazil, 207. 

Patents granted in Scotland from 20th September to 20th December 
1843, 214— from the l8th December 1843 to the 22d March 1844, 
391. 

Pilla, Leopold, on. the production of flames in volcanoes, and the con- 
sequences that may be drawn therefrom, 231. 

Planet Venus, observations on, at the time of its superior conjunc- 
tion, by Thomas Dick, 164. 

Plica Polonica, the animal said to cause it, noticed, 204. 

Publications, new, received, 211, 389. 

Radiation, solar, observations on, 113. 
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Befraction, index of» its determination, by means of the sextant, &c., 

by William Swan, Esq., 102. 
Rhind, William, Esq., on the geological arrangement of ancient 

strata, deduced from the condition of the present oceanic bed, 317. 
Sandstone pillars and cayes of N-Westem Australia, 381. 
Sea-Trout (Salndo trutta), on the migration and growth of, 192. 
Sea, rise of, by sudden rise of a body of subterranean water, and 

flowing of sea-water into the land, 199. 
Schlegel, Dr, on the fables and prejudices regarding serpents, 63. 
Sigillaria, on the genus of, by William King, Esq., 4, 272. 
Society, Boyal, of Edinburgh, proceedings of, from February to May 

1. 1843, 190. 
Tagua nut, the so-called vegetable ivory, noticed, 205. 
Ventilation of sailing and steam-vessels, observations by E. Ritchie, 

civil engineer, &c., 167, 261. 
Volcano, a new one, in the island of Meleda, in the Adriatic, 202. 
Water, on the organic matters, the purest kinds, contain, 195. 
Wingless birds of New Zealand, 387. 
Whales, capture of, in Faroe, 210. 
Wohlerite, a new mineral species, described, 207. 
Wolfram, chemical constitution of, by M. Marguerite, 382. 
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